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PREFACE BY THE EDITOR 



-M- 



As jnj name appears on the title-page of this Tolame, it is 
necessary that I should exactly state what part I had in its 
preparation. I had no doubt originally engaged to undertake 
the work myself; but finding, from multiplicity of engagements 
and my uncertain health, that I could not accomplish it satis- 
fiictorily, I thought the best course I could take was to recom- 
mend Mr. Cooke to the publishers ; a gentleman well known, 
not only in this country, but in the United States. The whole 
of the work has therefore been prepared by himself, the manu- 
script and proof sheets being submitted to me from time to 
time, in which I merely suggested such additions as seemed 
needful, subjoining occasionally a few notes. As the work is 
intended for students, the author has had no hesitation in 
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repealing what has been stated in former chapters where it 
has been thought to prove nsefiil. I have no doubt that 
the same high character will justly apply to this as to Mr. 
Cooke's former publications, and especially to his *' Handbook 
of British Fungi." 

M. J. BERKELEY. 

8lDBEBT0rT, 

November 23, 1874. 
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I. 

KATURE OF FUNGI. 

The most casual observer of Nature recognizes in almost every 
instance that comes under his notice in every- day life, without 
the aid of logical definition, the broad distinctions between an 
animal, a plant, and a stone. To him, the old definition that an 
animal is possessed of life and locomotion, a plant of life with- 
out locomotion, and a mineral deficient in both, seems to be 
sufficient, until some day he travels beyond the circuit of 
diurnal routine, and encounters a sponge or a zoophyte, which 
possesses only one of his supposed attributes of animal life, but 
which he is assured is nevertheless a member of the animal 
kingdom. Such an encounter usually perplexes the neophyte 
at first, but rather than confess his generalizations to have 
been too gross, he will tenaciously contend that the sponge 
must be a plant, until the evidence produced is so strong that 
he is compelled to desert his position, and seek refuge in the 
declaration that one kingdom runs into the other so imper- 
ceptibly that no line of demarcation can be drawn between 
them. Between these two extremes of broad distinction, and 
no distinction, lies the ground occupied by the scientific student, 
who, whilst admitting that logical definition fails in assigning 
briefly and tersely the bounds of the three kingdoms, contends 
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that such limits exist so positively, that the tiniversal scientific 
mind accepts the recognized limit without controversy or con- 
tradiction. 

In like manner, if one kingdom be made the subject of in- 
quiry, the same diflBculties will arise. A flowering plant, as 
represented by a rose or a lily, will be recognized as distinct 
from a fern, a seaweed, or a fungus. Yet there are some flower- 
ing plants which, at first sight, and without examination, simu- 
late cryptogams, as, for example, many Balanophor(By which 
the unscientific would at once class with fungi. It is never- 
theless true that even the incipient botanist will accurately 
separate the phanerogams from the cryptogams, and by means 
of a little more, but still elementary knowledge, distribute the 
latter amongst ferns, mosses, fungi, lichens, and algsB, with 
comparatively few exceptions. It is true that between fungi 
and lichens there exists so close an aflfinity that difficulties arise, 
and doubts, and disputations, regarding certain small groups or 
a few species; but these are the exception, and not the rule. 
Botanists generally are agreed in recognizing the five principal 
groups of Cryptogamia, as natural and distinct. In proportion 
as we advance from comparison of members of the three king- 
doms, through that of the primary groups in one kingdom, to 
a comparison of tribes, alliances, and orders, we shall require 
closer observation, and more and more education of the eye to 
see, and the mind to appreciate, relationships and distinctions. 

We have already assumed that fungi are duly and universally 
admitted, as plants, into the vegetable kingdom. But of this 
fact some have even ventured to doubt This doubt, however, 
has been confined to one order of fungi, except, perhaps, 
amongst the most illiterate, although now the animal nature of 
the Myxogastres has scarcely a serious advocate left. In this 
order the early condition of tlie plant is pulpy and gelatinous, 
and consists of a substance more allied to sarcode than cellulose. 
De Bary insinuated affinities with Amoela^* whilst Tulasne 

* De Bary, *'Des Myxomycetes," in " Ann. des Sci. Nat." 4 s6r. xi. p. 163 ; 
**Bot. Zeit.'* xvi. p. 357. De Bary's views are controverted by M. Wigand in 
**Anu. des Sci. Nat. ' 4 s^r. (Bot.) xvi. p. 256, &c. 
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affirmed that the outer coat in some of these productions con- 
tained so much carbonate of lime that strong effervescence took 
place on the application of sulphuric acid. Dr. Henrj Carter 
is well known as an old and experienced worker amongst 
amoeboid forms of animal life, and, when in Bombay, he devoted 
himself to the examination of the Myxogastrea in their early- 
stage,' and the result of his examinations has been a firm 
conviction that there is no relationship whatever between the 
Myxogastres and the lower forms of animal life. De Barj has 
himself very much modified, if not wholly abandoned, the views 
once propounded by him on this subject. When mature, and 
the dusty spores, mixed with threads, sometimes spiral, are 
produced, the Myxcgastres are so evidently close allies of the 
Lycoperdons^ or Puff balls, as to leave no doubt of their affinities. 
It is scarcely necessary to remark that the presence of zoospores 
is no proof of animal nature, for not only do they occur in the 
white rust {Cystoptis), and in such moulds as Feronospora* but 
are common in alg89, the vegetable nature of which has never 
been disputed. 

There is another equally important, but more complicated 
subject to which we must allude in this connection. This is 
the probability of minute fungi being developed without the 
intervention of germs, from certain solutions. The observations 
of M. Tr^cul, in a paper laid before the French Academy, have 
thus been summarized : — 1. Yeast cells may be formed in the 
must of beer without spores being previously sown. 2. Cells of 
the same form as those of yeast, but with different contents, 
arise spontaneously in simple solution of sugar, or to which' a 
little tartrate of ammonia has been added, and these cells are 
capable of producing fermentation in certain liquids under 
favourable conditions. 3. The cells thus formed produce Peni' 
cillium like the cells of yeast. 4. On the other hand, the spores 
of Penicillium are capable of being transformed into yeast, t 
The interpretation of this is, that the mould Penicillium may be 

* De Bary, "Recherches sur le Developpenient de quelques Champignons 
Parasites," in *' Ann. des Sci. Nat." 4 ser. (Bot») xx. p. 5. 
f "Popular Science Review," vol. ^iii..p. 96. 
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produced from a sugar solation by •• spontaneous generation,'* 
and without spore or germ of any kind. The theory is, that a 
molecular mass which is developed in certain solutions or infu- 
sions, may, under the influence of different circumstances, pro- 
duce either animalcules or fungi. " In all these cases, no kind 
of animalcule or fungus is ever seen to originate from pre- 
existing cells or larger bodies, but always from molecules."* 
The molecules are said to form small masses, which soon melt 
together to constitute a globular body, from which a process 
juts out on one side. These are the so-called Torul(B^ t which 
give off buds which are soon transformed into jointed tubes 
of various diameters, terminating in rows of sporules, PeniciU 
Uunit or capsules containing numerous globular seeds, AspergiU 
lu8 (sic). 

This is but another mode of stating the same thing as above 
referred to by M. Tr6cul, that certain cells, resembling yeast cells 
(Tojmla)^ are developed spontaneously, and that these ultimately 
pass through the form of mould called Penicillium to the more 
complex Mucor (which the writer evidently has confounded with 
Aspergillus, unless he alludes to the ascigerous form of Asper- 
gilluSy long known as Eurotiurn). From what is now known 
of the polymorphism of fungi, there would be little difficulty 
in believing that cells resembling yeast cells would develop 
into Penicillium, as they do in fact in what is called the "vine- 
gar plant,** and that the capsuliferous, or higher condition of 
this mould may be a Mucor, in which the sporules are produced 
in capsules. The difficulty arises earlier, in the supposed spon- 
taneous origination of yeast cells from molecules, which result 
from the peculiar conditions of light, temperature, &c., in which 
certain solutions are placed. It would be impossible to review 
all the arguments, or tabulate all the experiments, which have 
been employed for and against this theory. It could not be 
passed over in silence, since it has been one of the stirring ques- 
tions of the day. The great problem how to exclude all germs 

* Dr. J. H. Bennett ** On the Molecular Origin of Infusoria," p. 56. 
f They have, however, no close relation with real Torulm, such as T. wioni- 
lioides, &c.— Cookr's Handbook^ p. 477. 
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from the solutions experimented upon, and to keep them ex- 
cluded, lies at the foundation of the theory.* It must ever, as 
we think, be matter of doubt that all germs were not excluded 
or destroyed, rather than one of belief that forms known to be 
developed day by day from germs should under other conditions 
originate spontaneously. 

Fungi are veritably and unmistakably plants, of a low or- 
ganization, it is true, but still plants, developed from germs, 
somewhat analogous, but not wholly homologous, to the seeds of 
higher orders. The process of fertilization is still obscure, but 
facts are slowly and gradually accumulating, so that we may 
hope at some not very distant period to comprehend what as 
yet are little removed from hypotheses. Admitting that fungi 
are independent plants, much more complex in their relations 
and development than was formerly supposed, it will be ex- 
pected that certain forms should be comparatively permanent, 
that is, that they should constitute good species. Here, also, 
efforts have been made to develop a theory that there are no 
legitimate species amongst fungi, accepting the terms as hither- 
to applied to flowering plants. In this, as in allied instances, 
too hasty generalizations have been based on a few isolated 
facts, without due comprehension of the true interpretation of 
such facts and phenomena. Polymorphism will hereafter receive 
special illustration, but meantime it may be well to state that, be- 
cause some forms of fungi which have been described, and which 
have borne distinct names as autonomous species, are now proved 
to be only stages or conditions of other species, there is no reason 
for concluding that no forms are autonomous, or that fungi which 
appear and are developed in successive stages are not, in their 
entirety, good species. Instead, therefore, of insinuating that 
there are no good species, modern investigation tends rather to 
the establishment of good species, and the elimination of those 
that are sprxious. It is chiefly amongst the microscopic species 
that polymorphism has been determined. In the larger and 
fleshy fungi nothing has been discovered which can shake our 
faith in the species described half a century, or more, ago. In 
the Agarics, for instance, the forms seem to be as permanent and 
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as distinct as in the flowering plants. In fact, there is still no 
reason to dissent, except to a very limited extent, from what 
was written before polymorphism was accredited, that, "with a 
few exceptions only, it may without doubt be asserted that more 
certain species do not exist in any part of the organized world 
than amongst fungi. The same species constantly recur in the 
same places, and if kinds not hitherto detected present them- 
selves, they are either such as are well known in other districts, 
or species which have been overlooked, and which are found on 
better experience to be widely diffused. There is nothing like 
chance about their characters or growth." * 

The parasitism of numerous minute species on living and 
growing plants has its parallel even amongst phanerogams in 
the mistletoe and broom- rape and similar species. Amongst 
fungi a large number are thus parasitic, distorting, and in many 
cases ultimately destroying, their host, burrowing within the 
tissues, and causing rust and smut in com and grasses, or even 
more destructive and injurious in such moulds* as those of the 
potato disease and its allies. A still larger number of fungi 
are developed from decayed or decaying vegetable matter. 
These are found in winter on dead leaves, twigs, branches, 
rotten wood, the remains of herbaceous plants, and soil largely 
charged with disintegrated vegetables. As soon as a plant 
begins to decay it becomes the source of a new vegetation, 
which hastens its destruction, and a new cycle of life com- 
mences. In these instances, whether parasitic on living plants 
or developed on dead ones, the source is still vegetable. But 
this is not always the case, so that it cannot be predicated that 
fungi are wholly epiphytal. Some species are always found on 
animal matter, leather, horn, bono, <fcc., and some affect such 
unpromising substances as minerals, from which it would be 
supposed that no nourishment could be obtained, not only hard 
gravel stones, fragments of rock, but also metals, such as iron 
and lead, of which more may be said when we come to treat of 
the habitats of fungi. Although in general terms fungi may 
be described as " hysterophytal or epiphytal mycetals deriving 

•Berkeley's "Outlines of British Fungology," p. 24. 



nonrishment by means of a, mjceliom from the matrix,"* there 
are eiceptiona to this rule with which the majority accovd. 

Of the fungi found on animal substances, none are more 
extraordinary than those speciea which attack insects. Tlic 
white mould which in antumn proves so destmctive to the 
common house-fly may for the present be omitted, as it is 
probably a conditiou of one of the Saprolejniei, which some 
authors include with fungi, and others lyith algie. Wasps, 
spiders, moths, aad butterflies become enveloped ia a kind of 
mould named I»aria, which constitutes the conidia of Torruhia, 
a genua of club-shaped Sp/i/ericB afterwards developed. Sjmo 
species of Isaria and Thrruhia also affect the larvtc and pupro 
of moths and butterflies, converting the whole interior into a 
mass of myccliuDi, and fructifying in a cinvate head. It has 
been subject for discussion whether in such instances the 
liingas commenced its dovelopm.ent during tlie bfe of the in- 
sect, and thus hastened its death, or whether it resulted after 
death, and was subsequent to the commencement of deciky.t 
The position in which certain large moths are found standing 
on leaves when infested with laaria resembles so closely that 
of the honse-fly when snccumbing to Sporendonema Musem, 
wonld lead to the conclusion that certainly in some cases tho 
insect was attacked by tbe fungas whilst still living ; whilst in 
the case of buried caterpillars, such as tbe New Zealand or 
British Mepialus, it is difficult to decide. Whether in life or 
dwith in these instances, it is clear that the silk-ivorm disenso 
Museardine attacks the living insect, and causes death. In tho 
case of tho Guepea ve^elanteg, the wasp is said to fly about with 
tbe iiingns partially developed. 

In all fungi we may recognize a vegetative and a reproductive 
system : Bometimes the first only becomes developed, and then 
the fungus is imperfect, and sometimes the latter is far moie 
prominent than tbe former. There is nsuLdly an agglomeration 
of delicate threads, either jointed or not, which are somewhat 
analogous to tho roots of higher plants. These delicate threads 

* Berkeley's " Introduotion to Crjptogdmio Bolany," p. 235. 

"f Qia.j, " Kotioei of Insocts wLich form the Dasia of Funguici Parjsitca." 
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permeate the tissues of plants attacked by parasitic fungi, or 
they run over dead leaves forming whitened patches, formerly 
bearing the name of Simantia, but really the mycelium of some 
species of Marasmius, If checked or disturbed, the process 
stops here, and only a mycelium of interwoven threads is 
produced. In this condition the mycelium of one species so 
much resembles that of another, that no accurate determination 
can be made. If the process goes on, this mycelium gives rise 
to the stem and cap of an agaricoid fungus, completing the 
vegetative system. This in turn gives origin to a spore-bearing 
surface, and ultimately the fruit is formed, and then the fungus 
is complete ; no ftingus can be regarded as perfect or complete 
without its reproductive system being developed. In some this is 
very simple, in others it is as complex. In many of the moulds we 
have miniature representatives of higher plants in the mycelium 
or roots, stem, branches, and at length capsules bearing sporidia, 
which correspond to seeds. It is true that leaves are absent, 
but these are sometimes compensated by lateral processes or 
abortive branchlets. A toft of mould is in miniature a forest of 
trees. Although such a definition may be deemed more poetic 
than accurate, more figurative than literal, yet few could believe 
in the marvellous beauty of a tuft of mould if they never saw it 
as exhibited under the microscope. In such a condition no doubt 
could be entertained of its vegetable character. But there is a 
lower phase in which these plants are sometimes encountered ; 
they may consist only of single cells, or strings of cells, or threads 
of simple structure floating in fluids. In such conditions only 
the vegetative system is probably developed, and that imperfectly, 
yet some have ventured to give names to isolated cells, or 
strings of cells, or threads of mycelium, which really in them- 
selves possess none of the elements of correct classification — the 
vegetative system, even, being imperfect, and consequently the 
reproductive is absent. As already observed, no fungus is per- 
fect without fruit of some kind, and the peculiarities of structure 
' and development of fruit form one of the most important elements 
in classification. To attempt, therefore, to give names to such 
impoifect fragments of undeveloped plants is almost as absurd 
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as to name a flowering plant from a etray fragment of a root- 
fibril accidentally cast out of the ground — nay, even woreo, for 
identification would probably be easier. It ia well to protest 
nt all times figaiost attempts to push Bcieace to tbe verge of 
absurdity ; and such must be the verdict upon endeavours to 
determine positively such incomplete organisms as floating cell.s, 
or hyaline threads wliich may belong to any one of fifty species 
of moDlds, or after all to an alga. This leads us to remark, iu 
passing, that there are forms and conditions nnder which fungi 
may be found when, fractification being absent — that is, the 
vegetative syslem alone developed — they approximate so closely 
to algm that it is almost impossible to say to which group the 
organisms belong. 

Finally, it is a great chai-acteristio of fnngi in general timt 
tboy are very rapid ia growth, and rapid in decay. In a night 
a pafllmll will grow pi-odigiously, and in the same short period 
a mass of paste may be covered with mould. Iu a few hours a 
gelatinous mass of Rsticularia will pass into a bladder of dust, 
or a Coprinus will be dripping into decay. RememberiEg this, 
mjcophagists will take note that a fleshy fungus which may bo 
good eating at noon may undergo such changes in a few hours 
as to be anything but good eating at night. Many instances 
have been recorded of the rapidity of gixjwth in fungi ; it may 
also be accepted as an axiom that they are, in many instances, 
equally aa rapid in decay. 

The affinity between lichens and fungi boa long been re- 
cognized to its full and legitimata estent by licheuologists and 
mycologists.* In the " Introduction to Cryptogamic Botany," it 

• On IhB relation or connection between fungi and lichens, H. 0. Socby 
huM ioaiB pcrlinent teniurka in bia commanicatjoa to tbe Boyal Saciely on 
" Compttralive Ve.'eUible Chroniutologj " (Proccedinga Roynl Society, vol. xsi. 
137d> p. 470), aA obe tcsalt of his apectroscopic eiaminationa. He Bnjs, 
•'Suob being tbe relationB between tbe orgnna o£ reproduction and (lie folinge, 
it ia (o aome eitent possibte to nnderstiind the connectioa between larasitio 
(ilanta like fungi, wliich do not deriie their snpport fcom the conetmotive 
euergj oF their fronds, nnd those which are selF-Kupporting and possess tme 
frooJi. In the highast cl^isses of plants the flowern are connected with the 
D especiuilj b; mcitns at Minlliophjll uid fellow laDthoiihjII, 
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was proposed to unite them in one alliance, onder the name of 
Mycetales^ in the same manner as the late Dr. Lindley had nnited 
allied orders under alliances in his "Vegetable Kingdom;" but, 
beyond this, there was no predisposition towards the theory 
since propounded, and which, like all new theories, has collected 
a small but zealous circle of adherents. It will be necessary 
briefly to summarize this theory and the arguments by which it 
is supported and opposed, inasmuch as it is intimately connected 
with our subject. 

As recently as 1868, Professor Schwendener first propounded 
his views,* and then briefly and vaguely, that all and every 
individual lichen was but an algal, which had collected about it 
a parasitic fungal growth, and that those peculiar bodies which, 
under the name o^gonidia^ were considered as special organs of 
lichens, were only imprisoned algas. In language which the 
Rev. J. M. Crombief describes as "pictorial," this author gave 
the general conclusion at which he had arrived, as follows :— 
•' As the result of my researches, all these growths are not simple 
plants, not individuals in the usual sense of the term; they 
are rather colonies, which consist of hundreds and thousands 
of iudividuals, of which, however, only one acts as master, while 
the others, in perpetual captivity, provide nourishment for them- 
selves and their master. This master is a fungus of the order 
AscomyceteSy a parasite which is accustomed to live upon the work 
of others ; its slaves are green algae, which it has sought out, or 
indeed caught hold of, and forced into its service. It surrounds 

whereas in the case of lichens the apothecia contain very little, if any, of those 
snbstances, bat a large amoant of the lichenoxanthines so characteristic of the 
class. Looking upon fungi from this chromatological point of view, they bear 
something like the same relation to lichens that the petals of a leafless parasitic 
plant would bear to the foliage of one of normal character — that is to say, they 
are, as it were, the coloured organs of reproduction of parasitic plants of a type 
closely approaching that of lichens, which, of coarse, is in very close, if not in 
absolute agreement with the conclusions drawn by botanists from entirely 
different data." 

* Schwendener, ** Untersuchungen iiber den Flechtenthallus." 
+ Crombie (J. M.) " On the Lichen-Qonidia Question,'* in "Popular ScienM 
B«view" for July, 1874. 
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them, as a. spider does its prey, with a fibrous net of narrow 
meshes, which is gradually converted into an impenetrable 
covering. While, however, the spider sucks its prey and leaves 
it lying dead, the fungus incites the algas taken in its net to 
more rapid activity ; nay, to more vigorous increase." This 
hypothesis, ushered upon the world with all the prestige of the 
Professor's name, was not long in meeting with adherents, and 
the cardinal points insisted upon were — 1st. That the generic 
relationship of the coloured " gonidia " to the colourless fila- 
ments which compose the lichen thallus, had only been assumed, 
and not proved ; 2nd. That the membrane of the gonidia was 
chemically different from the membrane of the other tissues, 
inasmuch as the first had a reaction corresponding to that of 
alg8B, whilst the second had that of fungi; 3rd. That the 
different forms and varieties of gonidia corresponded with 
parallel types of alg89; 4th. That as the germination of the 
spore had not been followed further than the development of a 
hypothallus, it might be accounted for by the absence of the 
essential algal on which the new organism should become para- 
sitic ; 5th. That there is a striking correspondence between the 
development of the fruit in lichens and in some of the sporidii- 
ferous fungi ^^Pyrenomycetes), 

These five points have been combated incessantly by lichen- 
ologists, who would really be supposed by ordinary minds to be 
the most practically acquainted with the structure and develop- 
ment of these plants, in opposition to the theorists. It is a fact 
which should have some weight, that no lichenologist of repute 
has as yet accepted the theory. In 1873 Dr. E. Bomet* came 
to the aid of Schwendener, and almost exhausted the subject, 
but failed to convince either the practised lichenologist or 
mycologist. The two great points sought to be established are 
these, that what we call lichens are compound organisms, not 
simple, independent vegetable entities ; and that this compound 
organism consists of unicellular algSB, with a fungus parasitic 
upon them. 'J'he coloured gonidia which are found in tho 

* Bomet, (E.), "Recbei-ches sur Ics GonitUes des LicliciiR," in "Ann. dcs Sci. 
Nat." 1873, Seer. vol. xvii. 
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substance, or thallns of lichens, arc' the supposed algsB ; and the 
cellular structure which surrounds, encloses, and imprisons the 
gonidia is the parasitic fungus, which is parasitic on something 
infinitely smaller than itself, and which it entirely and absolutely 
isolates from all external influences. 

Dr. Bornet believed himself to have established that every 
gonidium of a lichen may be referred to a species of algae, and 
that the connection between the hypha and gonidia is of such a 
nature as to exclude all possibility of the one organ being pro- 
duced by the other. I'his he thinks is the only way in which it 
can be accounted for that the gonidia of diverse lichens should 
be almost identical. 

Dr. Nylander, in referring to this hypothesis of an imprisoned 
algal,* writes : ** The absurdity of such an hypothesis is evident 
from the very consideration that it cannot be the case that an 
organ (gonidia) should at the same time be a parasite on the 
body of which it exercises vital functions ; for with equal 
propriety it might be contended that the liver or the spleen 
constitutes parasites of the mammiferse. Parasite existence is 
autonomous, living upon a foreign body, of which nature 
prohibits it from being at the same time an organ. This is 
tin elementary axiom of general physiology. But observation 
directly made teaches that the green matter originally arises 
within the primary chlorophyll- or phycochrom-bearing cellule, 
and consequently is not intruded from any external quarter, nor 
arises in any way from any parasitism of any kind. The cellule 
at first is observed, to be empty, and then, by the aid of secretion, 
green matter is gradually produced in the cavity and assumes a 
definite form. It can, therefore, be very easily and evidently 
demonstrated that the origin of green matter in lichens is en- 
tirely the same as in other plants." On another occasion, and in 
another place, the same eminent lichenologist remarks,t as to 
the supposed algoid nature of gonidia — " that such an unnatural 
existence as they would thus pass, enclosed in a prison and 

* Nylander, **0n the Algo-Lichen Hypothesis,*' &c., in "Grevillea," vol. ii. 
(1874), No. 22, p. 146. 

t In Regensburg "Flora," 1870, p. 92. 



deprived of all antonomouB liberty, ia not at all conBOiiaiit with 
the manner of existence of tLe other algie, and that it baa no 
parallel in natnro, for nothing physiologically analogous occurs 
anywhere else. Ki-enipelhuber has argued that there are no 
concInsiTB reasons against the afisnmption that the lichen-gonidia 
may be self-developed organs of the lichen proper rather than 
algaj, and that these gonidia can continue to vegetate sepamtcly, 
and so be mistaken for nnicellnlar algte." In this TJi. Fries 
seems enbatantially to eoncar. Bat there is one strong arga- 
ment, or rather a repetition of an argument already cited, plaeed 
in a mncb stronj^'er light, which ia employed by Nylander in the 
following words: — " So far are what are called algaj, according 
to the turbid hypothesis of Schwendener, irom constituting true 
algte, that on tlio contrary it may be affirmed that they have a 
lichenoso nature, whence it follows that these psendo-algas are 
in a systematic arrangement to be referred rather to tlie lichens, 
and that the class of algee hitherto so vaguely limited shonld bo 
cLi'Cnm^cribed by new and truer limits. 

Ah to another phase in this qnestion, there are, as Krempol- 
Imber remarlts, species of lichens which in many countries do 
not fructify, and whose propagation can only be carried on by 
means of the soredia, and the hypliK of sueh could in themselves 
alone no more serve for propagation than the hyphte from the 
pileua or stalk of an Agaric, while it is highly impj'obable that 
they could acqnire this faculty by interposition of a, foreign 
algal. On the other hand he argues: "It is much more con- 
formable to nature that the gonidia, as self-developed organs of 
the lichens, should, like the spores, enable the hyphaj proceeding 
from them to propagate the individual.* 

A case in point has been adilacedf in which gonidia were 
prodaced by the hypha, and the genus Emerioeila,X which ia 
allied to Hiisseia in the TriclwifaHres, shows a structure in the 
stem exactly i-eaembling Patmella botri/oidet of Grovillc, and to 
what occurs in Si/nalyssa. Emei-i^etla, with one or two other 

• Rev. J. M. Crombie, in " Pojiular Suienoo Ecview," July, 1874. 
+ Beik^ley'B " iLtrodnetion to Cryptogamio Botany," p, 373, fig. 78* 
t B«rkelcj'a "Introduction," p. 341, fig. 76. 
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genera, must, however, be considered as connecting Trichogastres 
with lichens, and the question cannot be considered as satis- 
factorily decided till a series of experiments has been made on 
the germination of lichen spores and their relation to free algsB 
considered identical with gonidia. Mr. Thwaites was the first 
to point out* the relation of the gonidia in the different sections 
of lichens to different types of supposed algse. The question 
cannot be settled by more a priori notions. It is, perhaps, 
worthy of remark that in Chionyplie Carteri the threads grow 
over the cysts exactly as the hypha of lichens is represented as 
growing over the gonidia. 

Recently, Dr. Thwaites has communicated his views on one 
phase of this controversy ,"1" which will serve to illustrate the 
question as seen from the mycological side. As is well known, 
this writer has had considerable experience in the study of the 
anatomy and physiology of all the lower cryptogamia, and any 
suggestion of his on such a subject will at least commend itself 
to a patient consideration. 

" According to our experience," he writes, " I think parasitic 
fungi invariably produce a sad effect upon the tissues they fix 
themselves upon or in. These tissues become pale in colour, 
and in every respect sickly in appearance. But who has ever 
seen the gonidia of lichens the worse for having the * hypha ' 
growing amongst them ? These gonidia are always in the 
plumpfest state, and with the freshest, healthiest colour possible. 
Cannot it enter into the heads of these most patient and ex- 
cellent observers, that a cryptogamic plant may have two kinds 
of tissue growing side by side, without the necessity of one 
being parasitic upon the other, just as one of the higher plants 
may have half a dozen kinds of tissue making up its organiza- 
tion ? The beautifully symmetrical growth of the same lichens 
has seemed to me a sufficient argument against one portion 
being parasitic upon another, but when we see all harmony and 
robust health, the idea that one portion is subsisting parasitically 
upon another appears to me to be a perfect absurdity." 

• "Annals aud Magazine of Natural History," April, 1849. 
t In " Gardener's Chronicle " for 1873, p. 1841. 
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It appears to ua that a great deal of confusion and a largo 
nonilier of errors ■which creep into our modem generalizations 
and hypotheses, tnay bo traced to the acceptance of analogies 
for identities. How many eases of mistaken identity haa the 
improvement of microscopes revealed dnriDg the past quarter 
of s, century. This should at least serve as a caution for the 
futare. 

Apart, however, from the " gonidia," whatever they may be, 
is the remainder of the lichen a, gcnniao fungus ? Nylander 
writes, " The anatomical filamentose elements of lichens are 
distingaished by various characters from the hyphas of fungi. 
They are firmer, elastic, and at once present themselves in the 
texture of lichens. On the other hand, the hypliaa of fungi are 
very soft, they possess a thin wall, and are not at all gelatinous, 
while they are immediately dissolved by the application of 
hydrate of potash, Ac* 

Our own espericnco ia somewhat to the effect, that there are 
some few lichens which are donbtfnl as to whether they are 
fnn^ or lichens, but, in by far tlio majority of cases, there is 
not the slightest difficulty in determining, from the peculiar 
firmness and elasticity of the tiaaoos, minnte peculiarities which 
the practised hand can detect rather tlian describe, and even 
the general character of the fruit that they difler materially 
from, though closely allied to fungi. We have only experience 
to guide us in these matters, bnt that is something, and wo have 
no experience in fungi of anything Hke a Cladonia, however 
much it may resemble a Torruhia or ClavaHa. We have Pezisai 
with a subiculnm in the section Tapnsia, hnt the veriest tyro 
would not confound them with species of Parmelia. It is true 
that a great number of lichens, at first sight, and casually, 
resemble species of the ITyiteriacei, bnt it ia no less strange 
than true, that lichenologists and mycologists know their own 
snfficiently not to commit depredations on each other, 

Contribntions are daily being made to this controveray, and 
already the principal arguments on botli sides have appeared in 

* "Grevillea," vol. ii. ]). 147, m note. 
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an Englisli dress,* hence it will be unnecessary to repeat those 
which are modifications only of the views already stated, our 
own conclusions being capable of a very brief summary : that 
lichens and fungi are closely related the one to the other, but 
that they are not identical ; that the '^ gonidia " of lichens 
are part of the lichen-organization, and consequently are not 
alg89, or any introduced bodies ; that there is no parasitism ; 
and that the lichen thallus, exclusive of gonidia, is wholly 
unknown amongst fungi 

The Rev. J. M. Crombie has therefore our sympathies in the 
remark with which his summary of the gonidia controversy 
closes, in which he characterizes it as a " sensational romance of 
lichenology," of the ** unnatural union between a captive algal 
damsel and a tyrant fungal master." 

* W. Archer, in "Quart. Journ. Micr. Set" vol. xiii. p. 217; vol. xiv. 
p. 115. Translation of Schwendener^s "Nature of the Gonidia of Lichens," in 
lame journal, vol. xiii. p. 235. 




WirnODT somB knowledge of tho structure of fungi, it ia scarcely 
possible to comprehend the principles of classiflcntion, or to 
appreciate the curious phenomena of polymorphism. Yet there 
is BO great a variety in the structaro of tho different groups, 
that thia subject ciinnot be compi-essed within a, few paragraphs, 
neither do we think tlmt thia wonld be desired if practicable, 
seeing that the anatomy and physiology of plants is, ia itself, 
Bofficiently important and interesting to warrant a rather ex- 
tended and esplicit survey. In order to impart as much prac- 
tical ntUity aa possible to thia chapter, it ecems advisable to 
trent some of the most impoi-tant and typical ordera and anb- 
L orders separately, giving prominence to the features which are 

I chiefly characteriMtic of those sections, following the order of 

W systematiHts as much as possible, whilst endeavouring to render 
I each section independent to a considerable extent, and complete 

in itself Some groups naturally proscnt more noteworthy 
features than othei-a, and will -consequently seem, to receive 
more than their proportional share of attention, but thia seem- 
ing inequality could acarcely have been avoided, inaaaiuch as 
hitherto some groups have been more closely investigated than 
others, are more ultimately associated with other questionB, or 

Lare more readily and satisfactorily examined under different 
aspects of their life-history. 
AoAliiCiNi. — For the structure that prevails in the order to 
which the ronahroom belongs, an esamination of that species 
wiU be nlmost eafficient. Here we shall at once recognize 
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three distinct parts requiring elncidalion, viz. tlie rooting 
slender fibres that traverse the Boil, and termed the mycelium, 
or spawn, tbe stem and cap or pilena, whicli together con- 
stitnte what is called the ht/menophore, and the plates or gills 
on the nnder Rorface of the cap, which bear the hyinenium. 
The earliest condition in which the mnshroom can be recognized 
as a Tegetable entity is in that of the " spawn " or raycelinm, 
which is esBentially an agglomeration of vegetating spores. Its 
noraaal form is that of branched, slender, entangled, anasto- 
mosing, hyaline threads. At certain privileged points of tbe my- 
celiam, the threads seem to be aggregated, and become centres 
of vertical extension. At first only a small nearly globose bod- 




-Aguio tn ProecM of OroiTth. 



ding, like a grain of mnstard seed, is visible, bnt this after> 
wards increases rapidly, and other similar bnddings or swellings 
appear at the base.* These are tbe yonng hymenophore. As 

* A carious etse oocarrod some yeara unce at BU17 St Bdnmnds, which may be 
mentioned here in connection with the development o£ theKnodoleg. Two children 
had died ander soepicioua circumBt&uces, and an examination of the body of 
the latter after eihnmsUon was made, a report having arisen that the child died 
after eating mushrooms. Ab certain white nodules appeared on the inoer Bnr&ca 
of the inlestjnes, it was at once hastily concluded that the iporee of the mnsh- 
room had germinated, and that the nodnles were in&nt mushrooms. Thia 
appeared to one of us so strange, that application was made for spei^ena, 
which were kiudly forwarded, and a corsorj glance was enongh to oonrinoe ns 
that they were not fungoid. An eiamination nnder the microscope farther con- 
Ermed the liUgnosia, and the application of nitric acid showed (bat the nodalea 
were merely due to chalk miilure, which had been p»en to the child for the 
diarrhetic symplams under which he snccnmbed. 
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i through the soil it fjradaallj loses ita globose form 
iS3 olonffated atil in this condition a longitu 
il section shows the posit on of the futnie g-ills in a pjir of 
oppo-iite ere scent- shaped da ker colouicd spots near the apet 
The dermal membi-ane or outei fak n seems to be continuous 
over the stem and the globose head At present there is no 
external evidence of an espandel pi!eus and gills a lonpitu 
dinal sechon at this stage shows thdt the gills are being dc^L 
loped, that the pileiia is assuming its e-ip like foim tl at the 
membi'ane stretching from the stem to the eigo of the youui^ 
pilens IS separating from the nd^e ot the gills and foi-ming a, 
veil, ■whicli in coni-se of time will separate below and leive the 
gills exposoi] When thereforn tlii. mushroom has arnvtd 

almost at maturity the pilens ~- ■ 

expands and in this act the * ^ 

veil IS torn away from the 
margin of the cap and re 
maina for a time 1 ke a collar 
around the stem Iragmcnta 
of the veil often remain at- 
tached to the margin of the 
pilens, and the collar adhe- 
rent to the stem falls back, 
and thenceforth is known as 
the annular or ring. We 
have in this stage the fiilly- 
developed hymenophore, — 
the stem with ita ring, sup- 
porting an expanded cap or 
pilens, with gills on the under 
surface bearing the hyme- 
ninm.* A longitudinal section cut through the pill 

" Eiirenberg pompai'eil Che wliole atruetnrfl of aa Agarii 
the iDjwlium oorrespondiug with the liyphBsma, the st* 
lloeci, kud the bjmeninm with the fructifjing bronahluta. 
luSB ingenious than true, and gives a livel; ideu {if the 
uoble with the more hnmhlo fuogL —Ehi, itt Mijctloijcnai. 
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the stem, gives the hest notiofn of the arrangeineiit of the 
partSy and their relation to the whole. Bj this means it will be 
seen that the pilens is continuous with the stem, that the sub- 
stance of the pileos descends into the gills, and that relatively 
the substance of the stem is more fibrous than that of the jnleus. 
In the common mushroom the ring is very distinct surrounding 
the stem, a little above the middle, like a collar. In some 
Agarics the ring is very fugacious, or absent altogether. The 
form of the gills, their mode of attachment to the stem, their 
colour, and more especially the colour of the spores, are all very 
important features to be attended to in the discrimination of 
species, since they vary in different species. The whole 
substance of the Agaric is cellular. A longitudinal slice from 
the stem will exhibit under the microscope delicate tubular 
cells, the general direction of which is lengthwise, with lateral 
branches, the whole interlacing so intimately that it is diffi- 
cult to trace any individual thread very far in its course. It 
will be evident that the structure is less compact as it approaches 
the centre of the stem, which in many species is hollow. The 
hymenium is the spore-bearing surface, which is exposed or naked, 
and spread over the gills. These plates are covered on all sides 
with a delicate membrane, upon which the reproductive organs 
are developed. If it were possible to remove this membrane in 
one entire piece and spread it out flat, it woxdd cover an 
immense surface, as compared with the size of the pileus, for it 
is plaited or folded like a lady's fan over the whole of the gill- 
platos, or lamelloo, of the fungus.* If the stem of a mushroom 
bo cut off close to the gills, and the cap laid upon a sheet of 
paper, with the gills downwards, and left there for a few hours, 
when removed a number of dark radiating lines will be deposited 
upon the paper, each line corresponding with the interstices 
between one pair of gills. These lines are made up of spores 
which have fallen from the hymenium, and, if placed under the 
mioroscopo, ilunr oluiraotor will at once be made evident. If 
a fragmont of ilu) liytnoniuin bo also submitted to a similar 
oxaiiuimtioii, it will l)U found that the whole surface is studded 

* In 1\\xUIm InvuUtHB tlio liyinouium may be readily torn off and unfolded. 
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with eporea. The fii-st pecnliaritj which will be observed is, 
that these spores are almost aniformly in groups of four 
together. The next featnre to be observed is, that each spore 
is borne upon a slender stalk or sterigma, and that four of these 
aterigmata proceed from the apejc of a thicker projection, from 
the hynieniiin), called a bagidiwm, each basidium being the sup- 
porter of four sterigmata, aud each sterigma of a spore.* A 
closer examination of the hymeaium will reveal the fact that 
tlie basidia are accompained by other bodies, often larger, but 
without sterigmata or spores ; these luive been termed c^slidia, 
und Iheir ati-ucture and functions have 
been tlie subject of much controversy.f ( 
Both kinds of bodies are produced o 
the hymeniutn of most, il not all the 
Agaric ini. 

The basidia are usually expanded 
upwards, so as to have more or loss 
of a clftvate form 3uttnounti,d by four I 
sleuder poiut,^ or tabular processes 
each supporting a spore the contt-nts , 
uf these cells are granular mixed 
apparently with olcaj^inous particles 
which communicate through the 
slender tubes of the spicules with 
the interior of the spores. Corda ^ 

stales that, although only one spore is sirJi«.' < 
produced at a time on each aporo-^" "" 
phore, when this falls away others are produced i 
for a linnited period. As the spores approach matarity, the con- 
nection between their contents and the contents of the basidia 
diminishes and ultimately ceases. When the hasidinni which 
hears mature spores is still well charged with granular matter, 
it may be preanmed that the production uf a second or third 

* Tbia wBsweUdelinealciiin " Flora Daiiiui," plate 33*. aaobaerved in Cupriniu 
mnatui OB long ago u ITSO. 

+ A, deBarj, "Morpliologieundrhyaiolegiedcr Pilzo,"in "nofmeiater'B Hand- 
bneh,"virf. ii. cup. 5, 1B86. trauiilat«!j in "GreTillca," *ol. i. p. 181, 
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series of spores is qnite possible. Basidia exhausted entirely of 
their contents, and which have become quite hyaline, may often 
be observed. 

The cystidia are usually larger than the basidia, varying in 
size and form in different species. They present the appearance 
of large sterile cells, attenuated upwards, sometimes into a 
slender neck. Corda was of opinion that these were male 
organs, and gave them the name of pollinaires, Hoffmann has 
also described* both these organs under the names oi pollinaria 
and spei^matia, but does not appear to recognize in them the 
sexual elements which those names would indicate ; whilst 
de Seynes suggests that the cystidia are only organs returned to 
vegetative functions by a sort of hypertrophy of the basidia.t 
This view seems to be supported by the fact that, in the section 
Fluteui and some others, the cystidia are surmounted by short 
horns resembling sterigmata. Hoffmann has also indicated J 
the passage of cystidia into basidia. The evidence seems to be in 
favour of regarding the cystidia as barren conditions of basidia. 
There are to be found upon the hymenium of Agarics a third 
kind of elongated cells, called by Corda § basilary cells, and by 
Hoffmann " sterile cells," which are either equal in size or smaller 
than the basidia, with which also their structure agrees, except- 
ing in the development of spicules. These are the " proper cells 
of the hymenium" of Leveille, and are simply the terminal cells 
of the gill structure — cells which, under vigorous conditions, 
might be developed into basidia, but which are commonly 
arrested in their development. As suggested by de Seynes, the 
hymenium seems to be reduced to great simplicity, " one sole 
and self-same organ is the basis of it ; according as it experiences 
an arrest of development, as it grows and fructifies, or as it 
becomes hypertrophied, it gives us a paraphyse, a basidium, or 
a cystidium — in ether terms, atrophied basidium, normal basi- 

* ** Die Pollinarien und Spcnnaticn von Agaricus,** in "Botanische Zeitung," 
Feb. 29 and March 7, 1856. 
+ ** Essal d'une Flore niycologique de la Region de Montpellier." Paris, 1863. 
t Hoffmann, **Botanische Zeitung,'* 1856, p. 139. 
§ Corda, ** Icones Fungorum hucusqac cognitorura,'* iii. p. 41, Prague, 1839. 
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dium, and hypertrophied basiJiiim ; tliese are the tLree elcmenta 
which form the hymeninm."* 

The only repi-oductive organs hitherto demon stinted in AgaricH 
are the spores, or, as sometimes called, from their method of 
prodnotion, fiosfrftw/'Oi'M. + These are at first colourless, but 
nftorwards acquire the colour peculiop to the species. In siza 
and form they are, within certain limits, exceedingly variable, 
although form and size ara tolerably conntant in the same 
species. AtfirBt all are globose; as they mature, the majority are 
ovoid or elliptic ; some aro fusiform, with regularly attenuated 
extremities. In HygropliorttB they are rather irregular, reniform, 
or compressed in the middle. Sometimes the external suiface is 
roogli with more or less projecting warts. Some mycologists 
are of opinion that the covering of the spore is double, consist- 
ing of an exoepore and an endotpore, the latter being very tine 
and delicate. In other orders tlie double coating of the spore 
has been demonatrat^d. When the sjiore is coloured, the exter- 
nal membrane alone appears to pos- 
sess colour, the endospore being con- 
Htantlj hvalme Itmaj beaddedhere 
that in tins order the Kpore is siinpls 
and unicellular In Laetaiiua and 
Ruasula tho ttama or inriLr substauLe, 
iavestcular Iruo lates vesfeels occur 
occasionally in A /a tens though not 
Mod with milk as iri Laitanus 

PoLTPOEEi — In this oi ki the gill 
plates are replaced by tubis or pores, 
theintenoi of which is Imed by tho 
hymenmm indications of this Btiuc duredj 
ture having al^e^Iv been exhibitLd in some of the lower 

• Cooka, M C A ut nj uf a MusLroom d PDjular &. ence Rbv evf 

t Aa attempt «na made to Bhow that m Ji/ancus mtUfut d stinct asci wpra 
fbnnd, la s certain atuge, on tbe gilla or lartiellin. We hare in vain exnmiaeil the 
gilts in Tanous roaditinns, and could never deteat anitbing of the kind. It a 
prvhable tliat the aiici belonged to some apeciea of Hj/pom^ces, a. gcnna of iiaru- 
II fangi. 
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Agarictni, In many cases the stem is suppressed. The sub- 
stance is fleshy in Boletus, but in Polyporus the greater number 
of species are leathery or corky, and more persistent. The 
basidia, spicules, and quatemate spores agree with those of 
Ag<iricinu* In fact there are no features of importance which 
relate to the hymenium in any order of Hymenomycetes (the 
TremelUni excepted) differing from the same organ in AgaHcini^ 
unless it be the absence of cystidia. 

Hydnei. — Instead of pores, 
in this order the hymeniuni 
is spread oyer the surface of 
spines, prickles, or warts-f 

AuRicuLARiNi. — The hyme- 
nium is more or less even, 
and in — 

Clavariei the whole fungus 
is club-shaped, or more or 
less intricately branched, with 
the hymenium covering the 
outer surface. 
Tremellini. — In this order we have a great departure from 
the character of the substance, external appearance, and internal 
structure of the other orders in this family. Here we have a 
gelatinous substance, and the form is lobed, folded, convolute, 
often resembling the brain of some animal. The internal struc- 

* It is not intended tbat the spores are alvrays quatemate in Agaricinif though 
that number is constant in the more typical species. They sometimes exceed 
four, and are sometimes reduced to one. 

+ The species long known as Hydnum gelatinosum was examined by Mr. F. 
Currey in 1800 {Jowm. Linn. Soc.\ and he came to the conclusion that it was 
not a good Hydnum. Since then it has been made the type of a new genus 
{flydnoglcea B. and Br. or, as called by Fries, in the new edition of " Epicrisis," 
Tremellodony Pers. Myc. Eur.), and transferred to the Tremellini. Currey says, 
upon examining the fructification, he was surprised to find tbat, although in its 
external characters it was a perfect Hydnum^ it bore the fruit of a Tremella. 
If one of the teeth be examined with the microscope, it will be seen to consist of 
threads bearing four-lobed sporophores, and spores exactly similar to Tremella. 
It will thus be seen, he adds, that the plant is exactly inteimediate between 
Hydnei and Trernellini, forming, as it were, a stepping-stone from one to the other. 



Fig. 5. — Hydnum repandiim. 




n, to ■which the plant 
e attained tbetr norrDal 
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tnre has been specially illuetrated by M. Tvdasne,* through the 
cominDn epecies, Tremella mesenterka. This latter is of a 
fine golden yellow colour, and rather 
large size. It is aniformjy composed 
throughout of a coloorless mucilage, 
with no appreciable testore, in which 
are distributed very fiue, diversely 
branched and anastomosing filaments. 
Towards the finrfaoe, the ultimate . 
branches of this filamentous network 
give birth, both at their Gumniits and 
laterally, to globular cells, which ac- 
quire a comparatively large size. 
These cells are filled with a protoplas 
owes its orange colour. When they ha 
dimensions, they elongate at ihe summit into two, three, 
four distinct, liiick, obtuBO tubes, into wliich the protoplas 
gradually passes. The development 
of these tubes is nueqaal and not 
simnltaneous, so that one will often 
attain its full dimensions, equal, per- 
haps, to tliree or four times thq dia- 
meter of the generative cell, whilst 
the others are only just appearing. 
By degrees, as each tabe attains its 
full sise, it ia attenuated into a fine 
point, the extremity of which swells 
into a spheroidal cell, which nlti- ""* '' '""""" "•=«"""'"■ 
mately becomes a spore. Sometimes these tubes, or spicules, 
Bond out one or two lateral branches, each terminated by a spore. 
These spores (about 0013 to '003 mm. diameter) are smooth, and 
deposit themselves, like a fine white dust, on the surface of the 
Trentella and on its matrix. M. Leveillef was of opinion that 

* Tnlaans, L, K. and U., "ObservaLionBoatheOrgiiaiiatianor tlie Trcmellioi,'' 
ID " Ann. dCB Soi. Nat." S""B^r. lii. (1SS3), pp. 193, &o. 

t M. Uvellie. in "Ami. des Sei. Nat." 2"" a^. viii p, 328 ; 3"" afr, Lt. 
\i. 127; ilea Bonordcn, "Uaudbucli der Mjcot^e." p. 151. 
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the basidia of the Tremellini were monosporous, whilst M. 
Tulasne has demonstrated that they are habituallj* tetrasporous, 
as in other of the Hymenomjcetcs. Although agreeing in this, 
they differ in other features, especially in the globose form of 
the basidia, mode of production of the spicules, and, finally, the 
division of the basidia into two, three, or four cells by septa 
which cut each other in their axis. This division precedes the 
growth of the spicules. It is not rare to see these cells, formed 
at the expense of an unilocular basidium, become partly isolated 
from each other ; in certain cases they seem to have separated 
very early, they then become larger than usual, and are grouped 
on the same filament so as to represent a kind of buds. This 
phenomenon usually takes place below the level of the fertile 
cells, at a certain depth in the mucous tissue of the Tremella. 

Besides the reproductive system here described, Tulasne also 
made known the existence of a series of filaments which produce 
spermatia. These filaments are often scattered and confused 
with those which produce the basidia, and not distinguishable 
from them in size or any other apparent characteristic, except 
the manner in which their extremities are branched in order to 
produce the spermatia. At other times the spermatia-bearing 
surface covers exclusively certain portions of the fungus, espe- 
cially the inferior lobes, imparting thereto a very bright orange 
colour, which is communicated by the layer of spermatia, 
unmixed with spores. These spots retain their bright colour, 
while the remainder of the plant becomes pale, or covered with 
a white dust. The spermatia are very small, spherical, and 
smooth, scarcely equalling '002 mm. They are sessile, some- 
times solitary, sometimes three or four together, on the 
slightly swollen extremities of certain filaments of the weft of 
the fungQS.* Tulasne found it impossible to make these cor- 
puscles germinate, and in all essential particulars they agreed 
with the spermatia found in ascomycetous fungi. 

In the genus Dacrymyces, the same observer found the structure 

* TuLosne, in **Ann. des Sci. Nat." (loc. cit.) xix. pi. x. fig. 29. Tulasne, 
" New Notes upon Tremellinous T'lngi,'' in " Journ. Linn. Soc." vol. xiii. (1871), 
p. 31. 
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to have great affinity witli that of TremeUa. Tho spores in the 
specioB examined wore of a different form, being ohlung, very 
obtnse, shghtly carved ('OlS— -019 x -004 --006 mni,), at first 
nnilocnlar, but afterwards triscptate. The baaidia are cyliii- 
driciil or clavate, filled with colaared granular matter; eacb of 
these bifurcates at the sammit, aui gradually elongates into two 
very open branches, which are attenuated above, and ultimately 
each is crowned by a spore. There are to be found also.in tho 
species of this genus globose bodies, designated " sporidioles " 
by M. Luveillo, which Tulasne took considerable care to trace to 
their soarce. He thus accounts for them: — Each of the cells of 
the spore emits esleriorly one or several of these corpuscles, 
supported on very short auil very slender pedicels, which remain, 
after the corpuscles are detachecl from tbom, new corpuscles 
ancceeding the first as long as there remains any plastic matter 
witliin the spore. The pedicels are not all on the same plane; 
tbey are often irtiptaiited all on the same, and oftei^cst on the 
convex side of the reproductive body. These corpuscles, though 
placed under the most favourable conditions, never gave the 
least sign of vegetation, and Tulasne concludes that they are 
sporraatia, analogous to those produced in Tremella. The spores 
which produce spermatia ai* not at all apt to genninato, whilKt 
those which did not produce spermatia germinated freely. Hence 
it would appear that, although all spores seem to be perfectly iden- 
tical, they have not all the same function. The same observer 
detected also amongst specimens of tho Dacrymyvea some of a 
darker and reddish tint, always bare of spores or spermatia on 
the surface, and these presented a somewhat different stmcturo. 
Wliere the tisane had turned red it was sterile, tho constituent 
filaments, ordinarily colourless, and almost empty of solid matter, 
were filled with a highly-coloured protoplasm; they were of less 
tenuity, more irregularly tldck, and inshjad of only rarely pre- 
senting piirtitlons, and remaining continuous, aa in other parts 
of the plant, wore parcelled out into an infinity of straight or 
onirved pieces, angular and of in-t-jjular form, especially towai-ds 
the surface of the fungus, where they compose a sort of pulp, 
varying in cohesion according to the dry or moist condition of 
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the atmosphere. All parts of these reddish individuals seemed 
more or less infected with this disintegration, the basidia divided 
by transverse diaphragms into several cylindrical or oblong 
pieces, which finally become free. Transitional conditions were 
also observed in mixed individuals. This sterile condition is 
called by Tulasne " gemmiparous," and he believes that it has 
ere now given origin to one or more spurious species, and misled 
mycologists as to the real structure of perfect and fruitftd 
Dacrymyces. 

Phalloidei. — In this order the hymenium is at first enclosed 
within a sort of peridium or universal volva, maintaining a 
somewhat globose or egg-shape. This envelope consists of an 
outer and inner coat of somewhat similar texture, and an inter- 
mediate gelatinous layer, often of considerable thickness. When 
a section is made of the fungus, whilst still enclosed in the 
volva, the hymenium is found to present numerous cavities, in 
which basidia are developed, each surmounted by spicules (four 

to six) bearing oval or oblong spores.* It is 
very difficult to observe the structure of the hy- 
menium in this order, on account of its deliques- 
cent nature. As the hymenium approaches ma- 
turity, the volva is ruptured, and the plant rapidly 
enlarges. In Phallus, a long erect cellular stem 
bears the cap, over which the hymenium is 
Fro. 8. — Baaidia spread, and this expands enormously after escap- 

and spores of I'luxL- r » ^ r j sr 

iw«. ing the restraint of the volva. Soon after expo- 

sure, the hymenium deliquesces into a dark mucilage, coloured 
by the minute spores, which drips from the pileus, often diffus- 
ing a most loathsome odour for a considerable distance. In 
Chthrus, the receptacle forms a kind of network. In Aseroe, 
the pileus is beautifully stellate. In many the attractive forms 
would be considered objects of beauty, were it not for their 
deliquescence, and often foetid odour.f 

* Berkeley, M. J., "On the Fructification of Lycoperdon, Phallus, &c.," in 
''Ann. Nat. Hist." 1840, vol. iv. p. 158, pi. 6. Berkeley, M. J., "Introduc- 
tion Crypt. Bot." p. 346. 

t Tulasne, L. R. and C, ** Fungi Hypogoei." Paris. Berkeley and Broome, 




PoDASiNEl. — This ie a small but very cnriona groap of fnngi, 
in which the peridiam resembles a TOlra, which is more or less 
confiaent with the surface of the pi-lens. Tbey assume hymeno- 
mycetal forms, some of them looking like Agarics, Boleti, or 
species of ffj/dnum, with deformed gills, pores, or spines ; ia 
Moatagnites, in fact, the gill structure is very distinct. The 
spores are borne in definite clusters on short pedicels in such of 
the genera as have been examined.* 

HypOGcei. — These are subterranenn poff-balls, in which some- 
times a distinct peridium is present ; but in m.Dst cases it consists 
entirely of an estemal series of cells, continuous with the in- 
ternal structure, and cannot be correctly estimated as a peridium. 
The hymenium is sinuons and convolute, bearing baaidia with 
sterigmata and spores in the cavities. Sometimes the cavities are 
traversed by threads, as in the Myxogastret. The spores are in 
many instances beautifnlly echinulate, sometimes globose, at 
others elongated, and prodaced in such numbers aa to lead to 
the belief that their development is successive on the spicules. 
When folly matured, the peridia are filled with a dusty mass 
of spores, so that it ia scarcely possible in this condition to gain 
any notion of the structure. This is, indeed, the case with 
nearly all Gasteromijcetei. The hypogceous fungi are curiously 
connected with Phalloidei by the genus Hyiterangium. 

TEiaHOGASTBES.f — In their early stages the species contained in 
this group are not gelatinous, as in the Myicogastres, but are rather 
fleshy and firm. Very little has been added to our knowledge 
of atructure in this group since 1839 and 1842, when one of ua 
wrote to the following effect : — If a young plant of Li/coperdcn 
ccelatum or L. gemmatwm be cut through and examined with a 
common pocket leus, it will be found to consist of a fleshy mass, 
"Biitisli HjpogicoDS FuDgi," in "Ann. Kat. Hist." 1840, xviii. p. H. Conla, 
" laone* Funsoruin," Tol. vi. pi. vii. viii. 

• Tulaane, "Sue le Geore StcMium," in "Ann. liea ScL Nat."{lBi5), 3"" 
til. voL ir. p. 1GB, pkte 0. 

+ TuUmc, L. K, and 0., "Do ta Fniotifi cation dea Scleroderma eomparfe n 
B ZfBoperdun et dea Boriila," in " Ann. lies Sei. Kat." 1842, srii. p. 5. 
>, L. B- nnd 0., " Bur tea Genrea Folyeuccum el 3eListcr," in * 'Ann. it':« 
Sd Nftt," 1M2, lYiiL p. 12B, pi. S ani 6. 
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perforated in every direction with nuDote elongated, reticnlated, 
anastomosing, labyrinthirorm cavities. The resembknceof these 
to tbe tnbca of Soleti in an earlj- stage of growth, first led me to 
snspect that there must be some very close connectjon between 
them. If a very thin slice now be taken, while the [na.ss is jet 
firm, and before there is tne slightest indication of a change of 
colour, the onter stratam of the walla of these cavities is foand 
to consiet of pellucid obtase cells, placed parallel to each other 
like the pile of velvet, exactly as in the yoang bymeniam of an 
Agaric or Boletna. Occasionally one or two filaments cross from 
one wall to another, and once I have seen these aoastomose. 
At a more advanced stage of growth, fonr little spicoles are 
developed at the tips of the sporo- 
phorea, all of which, as far as I have 
been able to observe, arc fertile and of 
eqnal height, and on each of these 
spicules a globose spore is seated. It 
is clear that we have here a Btmctnre 
identical with that of the tme Hy- 
menomycetes, a circnmstance which 
accords well with the fieshy habit and 
mode of growth. There is some diffi- 
culty in ascertaining the exact stmc- 
, tnre of the species just noticed, as 
the fruit-bearing cells, or sporophores, 
are very small, and when the spicules ai'e developed the substance 
becomes so flaccid that it is difficult to cut a proper slice, even 
with the sharpest lancet. I have, however, satisfied myself as 
to the tme structure by repeated observations. But should any 
difiScnlty arise in verifying it in the species in question, there 
will be none in doing so in Lt/coperiion giganieum. In this 
species the frnctifying mass consists of the same sinuous cavities, 
which are, however, smaller, so that the substance is more com- 
pact, and I have not seen them traversed by any filaments. In 
an early stage of growth, the surface of the hyroeninni, that is of 
the walls of the cavities, consists of short threads composed of 
two or three articulation a, which are slightly constricted at the 
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joints, Iroia which, especially from the last, spring short branch- 
lets, often conBiafJng of a single cell, Sometimes two or more 
branchlots spring from the same point. Occasionally the threads 
are constricted without any dissepiments, the terminal articula- 
tions are obtnse, and soon swell very mnah, so as greatly to 
exceed in diameter those on which they are seated. When aiTiyed 
at their fnll growth, Uiey are somewhat obovato, and produce 
fonr spicules, which at length are surmounted each with a glo- 
bose spore. When the spores are liilly developed, the sporophores 
wither, and if a solution of iodine be applied, which chajiges 
the'spores to a rich brown, they will bo seen still adhering by 
their spicules to the faded sporophores. The spores soon 
become free, bat the spicale often still adheres to them ; 
but they aie not attached to the intermingled filaments. 
In Boeitta flitmhea, the spoi-es have very long peduncles." As 
in the H^menom^cefe/f, the prevailing type of reproductive organs 
consisted of quaternary spores borne on spicalea ; so in Qantero- 
mycetes, the prevailing type, in so far as it ia yet known, is very 
similar, in some cases nearly identical, consisting of u dofinito 
nnnibcr of minnte spores borne on spicules seated on basldia. 
In a very large number of genera, the minnte etmctore and 
development of the fructification (beyond the mature spores) 
ia almost unknown, bat from analogy it may be concluded that 
a metiiod prevails in a large group like the Mi/xogasire^ whict 
does not differ in essential particulars from that which is known 
to exist in other groups. The difficulties in the way of Btndjing 
the development of the spores in this are far greater than in the 
prBvioQB order. 

Mtxooastkf.b. — At ono time that eelebi-ated mycologist. Pro- 
fessor De Bary, seemed disposed to eiclade this group from the 
vegetable kingdom altogether, and relegate them to a companion- 
bIu'p with amceboid forma. But in more recent works he seems 
to have i-cconsidered, and almost, if not entirely, abandoned, 
liiat disposition. ThosQ fungi, mostly minute, are characterized 
m their early stages by their gelatinous nature. The anbatanoe 

•Berkeley, "On the Pruolifimtlon of Ljcojicnlon, !;o.," in "AnniiU ol 
Viblnl HiBlor; " (ISiO), ir. p. ISS. 
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of which they are then composed bears considerable resemblance 
to saroode, and, did they never change from this, there might be 
some excuse for doubting as to their vegetable nature ; but as the 
species proceed towards maturity they lose their mncilaginons 
texture, and become a mass of spores, intermixed with threads, 
surrounded by a cellular peridium. Take, for instance, the genus 
Trichia, and we have in the matured specimens a somewhat 
globose peridium, not larger than a mustard seed, and some- 
times nearly of the same colour ; this ultimately ruptures and 
exposes a mass of minute yellow spherical spores, intermixed 
with threads of the same colour.* These threads, when highly 
magnified, exhibit in themselves a spiral arrangement, which 
has been the basis of some controversy, and in some species 
these threads are externally spinulose. The chief controversy 






Fio. 10.— a. Threads of Trichia. b. Portion further magnified, with spores, e. For- 
tion of spinulose thread. 

on these threads has been whether the spiral markings are 
external or internal, whether caused by twisting of the thread 
or by the presence of an external or internal fibre. The spiral 
appearance has never been called in question, only the structure 
from whence it arises, and this, like the striae of diatoms, is 
very m uch an open question. Mr. Currey held that the spiral 



• Wigand, **Morphologie des Genres Trichia et Arcyria,** in "Ann. des Sci. 
Nat." 4»e s^r. xvi. p. 223. 



appearance may be accounted for by supposing the exjetenoe 
of an accurate elevation in the wall of the cell, following a 
spiral direction from one end of the thread to the other. This 
supposition would, he thinks, accord well with the optical 
appearimces, and it would account exactly for the undulations 
of ontliue to whicli he alludes. He states that he bad iu 
his possession a thread of Trickin chrysoiperma, in which the 
epiral appearance was so manifestly caused by au elevation of 
this nature, in which it is so clear that no internal spiral fibre 
exists, that be did not think there could be a doubt in the mind 
of any person carefully examining it with a power of 500 
diameters that the cause of the spiral appearance waa not a 
spiral fibre. In Arcyria, threads of a different kind are present ; 
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they mostly branch and anastomose, and are eitemally furnished 
with prominent warts or spines, which Mr. Carrey * holds are 
also arranged in a spiral manner around the threads. In other 
Myxogastres, threads are also present without any appreciable 
spiral markings or spines. In the mature condition of these 
fungi, they so clearly resemble, and have such close affinities 
with, the Trichogastres that ooe is led almost to doubt whether 
it waa not on liasty grounds, vrithout due examinatian or 
consideration, that proposals were made to remove them from 
the society of their kindred. 

Very little is known of the development of the spores in 
this gronp ; in the early stages the whole substance is so pulpy, 
and in the latter so dusty, whilst the transition from one to 

"Qaatt. Jonrn. Micr 
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the other is so rapid, that the relation between the spores and 
threads, and their mode of attachment, has never been definitely 
made oat. It has been supposed that the spinnlose projections 
from the capillitium^ in some species are the remains 
of pedicels from which the spores have fallen, but 
there is no evidence beyond this supposition in its 
favour, whilst on the other hand, in Stemonitis^ for 
instance, there is a profuse interlacing capillitium, 
and no spines have been detected. In order to 
strengthen the supposition, spines should be more 
commonly present. The threads, or capillitium, form 
a beautiful reticulated network in StemonitU, Onhra- 
rittj DiachcBa, Dictydium^ &c. In Spvmaria, Seticu- 
lariaj Lycogala, &c., they are almost obsolete.* In 
no group is the examination of the development of 
structure more diflBcult, for the reasons already 
alleged, than in the Myxogastres. 

N1DUI1ARLA.CEI. — This small group departs in some 
important particulars from the general type of struc- 
ture present in the rest of the Gasteromycetes.f 
The plants here included may be described under three parts, 
the mycelium, the peridium, and the sporangia The mycelium 

is often plentiful, stout, rigid, interlacing, and 
coloured, running over the surface of the soil, or 
amongst the vegetable debris on which the fungi 
establish themselves. The peridia are seated upon 
this mycelium, and in most instances are at length 
open above, taking the form of cups, or beakers. 
These organs consist of three strata of tissue vary. 
vertiicosus. ing in structure, the external being fibrous, and 
sometimes hairy, the interior cellular and delicate, the inter- 
mediate thick and at length tough, coriaceous, and resistant. 
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Fio. 12.— Dia- 
chaa elegaiis. 




* In some of the genera, as, for instance, in Badhamiay Ejierthenemay and 
Reticulariaj the spores are produced within delicate cells or cysts, which are 
afterwards absorbed. 

t Tulasne, ** Essai d'une Monographic des Nidulari^es," in "Ann. des Sci. 
Nat." (1844), i. 41 and 64. 



Wlien first fovmcd, the peridia are EpLeritiil, thoy then clongnte 
and expand, the mouth being far some tiioe closed by a veil, 
or diaphragm, which ultimately disappears. Within the cups 
lentil-all aped bodies are attached to the base and sides by clastic 
cords. These are the sporangia,. Each of these has a com- 
plieat-ed structure ; externally there ia a filamentous tunie, 
composed of iutevlaced fibres, sometimes called the pcridioie; 
beneath this is the cortex, of compact homogenous structure, 
then follows a cellular thicker etratum, hearing, towards the 
C3entre of the sporangia, delicate branched threads, or aporc>- 
phorea, on which, at their extremities, 
the ovate spores are generated, eome- 
times in pairs, but normally, it would 
Beem that they are quaternary on spicules, 
the threads being true basidia, Tho whole 
stmcture is exceedingly interesting and 
peculiar, and may be studied in detail ia 
Tulaane's memoir on this group. 

Sphshonemei, — In thia very large and, 
within certain limits, variable order, there 
is but little of interest as regards struc- 
tare, which is not better illuetrated else- 
where ; as, forinatance, some sort of peri- ^ 
theciiun is always present, but this can I'l 
be better studied in the Sphieriacei. The spores are mostly very 
minute, borne on delicate sporophores, which originate from the 
inner surface of the perithecia, but the majority of so-called 
species are undoubtedly conditions of sphteriaccous fungi, either 
spermatogonia or pycnidia, and are of muuh more interest 
when studied in connection with the higher forms to which they 
belong." Probably tho number of complete and autonomous 
species arc very few. 

Melakconiei, — Here, again, are associated ti^ether a great 
number of what formerly were considered good species of fungi, 
but which are now known to be hut conditions of other forma. 
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One great point of distinction between these and the preceding 
is the absence of any true perithecium, the spores being pro- 
duced in a kind of spurious receptacle, or from a sort of stroma. 
The spores are, as a rule, larger and much more attractive than 
in Spharonemei^ and, in some instances, are either very fine, or 
very curious. Under this head we may mention the multi- 
septate spores of Coryneum; the tri-radiate spores of Astero- 

sporium; the curious crested spores of 
Pestalozzia; the doubly crested spores of 
Dilophospora ; and the scarcely less sin- 
gular gelatinous coated spores of Cheiro- 
spora. In all cases the fructification is 
abundant, and the spores frequently ooze 
out in tendrils, or form a black mass 
above the spurious receptacle from which 
they issue.* 

Pio. is.^Asterosponum Hoff- ToRULACEi. — In this order there seems 

at first to be a considerable resemblance 
to the Dematieif except that the threads are almost obsolete, and 
the plant is reduced to chains of spores, without trace of perithe- 
cium, investing cuticle, or definite stroma. Sometimes the spores 
are simple, in other cases septate, and in Sporochisma are at first 
produced in an investing cell. In most cases simple threads 
at length become septate, and are ultimately differentiated into 
spores, which separate at the joints when fully mature. 

C^OMACEi. — Of far greater interest are the Coniomycetous 
parasites on living plants. The present order includes those in 
which the spore t is reduced to a single cell ; and here we may 
observe that, although many of them are now proved to be 
imperfect in themselves, and only forms or conditions of other 
fungals, we shall write of them here without regard to their 
duality. These originate, for the most part, within the tissues 
of living plants, and are developed outwards in pustules, which 
burst through the cuticle. The mycelium penetrates the inter- 

* Berkeley, M. J., ** Introduction, Crypt. Bot." p. 829. 
f In the Cceomacei and Puccinicei the term *'pseudospore ' would be much 
more accurate. 
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collnlar possBigeiJ, and may sometimes be found in parte of the 
plants where the ftmgna does not develop itself. There is no 
proper excipolum or peridiuin, and the spores spiing direct 
Iram a more compacted portion of the myceliam, or from a 
cushion- like stroma of email cells. In 
Lffi/thea,ihe sub-globose aporea arc at 
Hrst generated at the tips of eliovt 
pedieels, from whicli they are nlt.i- , 
matoly separated ; enrroTinding these 
spoi-es arise a series of barren cells, 
or cysts, which are considerably larger i 
than the true spores, and colourless, spovsuf i „(«,(, 

while the spores are of some shade of yellow op orange." 
Tri^obagit, the spores are of a similar character, 6ub-g 
and at first pedicellnte ; but theve are no surrounding cysts, and 
the colour is nmi-e nsually brown, al- 
though sometimes yellow. In Uredo, 
the spores are nt first generated singly, 
within a mother cell ; they Jire g'lobosn, 
and either yellow or brown, without 
any pedicel. In Coleogporium, there 
are two kinds of spores, those of a 
pulfenileut nature, globose, which are 
sometimes produced alone at the com- 
mencement of the season, and others Fiis.ir.— 6i)(nwj'n'i«M ruMKnjjflii, 
which originate as an elongated coll ; ^'' 

this becomes septate, and ultimately BejjarateB at the joints. 
During the gi'eater part of the year, both kinds of s 
be found in the same pustuJe. In 
Melampsara, the winter spores are 
elongated and wedge-shaped, com- 
pacted together closely, and are only 

matured during winter on dead leaves ; p^^ la— jftfcmBiora xriic^na. 
the summer spores are pulverulent 

and globose, being, in fact, what were until recently regarded 
* UTeillf, "Suria Dinpiwition Msthmiiijue Jea Urediniea," in "Ann. tlu* 
, fta. Hrt." ClSiT), vol. viii. p. 30U. 
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species of Lecythea, In Cystopus^ the spores are sub-globose, 
somewhat aDgnlar, generated in a moniliform manner, and 
terwards separating at the joints. The upper spore is always 
le oldest, continuous production of spores going on for some 
time at the base of the chain. Under favourable 
conditions of moisture, each of tSese spores, or 
conidia, as De Bary terms them, is capable of 
producing within itself a number of zoospores; * 
these ultimately burst the vesicle, move about by 
the aid of vibratile cilia, and at last settle down 
to germinate. Besides these, other reproductive 
bodies are generated upon the mycelium, within 
the tissues of the plant, in the form of globose 
oogonia, or resting spores, which, when mature, 
also enclose great numbers of zoospores. Similar 
oogonia are produced amongst the Mucedines in 
the genus Peronospora^ to which De Bary con- 
siders Cystopus to be closely allied. At all events. 
Fig. 19.— Cifstopiu this is a peculiarity of structure and development 

not as yet met with in any other of the C<Bomaceu 
In Uromyces is the nearest approach to the Pucciniai ; in fact, 
it is Piiccinia reduced to a single cell. The form of spore is 
usually more angular and irregular than in Trichobasig, and the 
pedicel is permanent. It may be remarked here, that of the 
foregoing genera, many of the species are not autonomous that 
have hitherto been included amongst them. This is especially 
true of Lecythea, TricJiohash, and, as it now appears, of 
Uromyce8,f 

Puccini j:r. — ^This group differs from the foregoiug chiefly in 
having septate spores. The pustules, or sori, break through 
the cuticle in a similar manner, and here also no true peridium 
is present. In Xenodochus, the highest development of joints 
is reached, each spore being composed of an indefinite number, 
from ten to twenty cells. With it is associated an unicellular 

* De Bary, "Champignons Parasites/' in ** Ann. des Sci. Nat." 4™«s^r. vol. xx. 
t Tnlasne, **M^moire8arlesUr^in^s, &c.," in'' Ann. des Sci Nat." (1854), 
vol. ii p. 78. 



STBUOTUBE. 

j-eUow Uredine, of which it is a condition. Probably, iu every 
RpecieB of the Pucdniwi, it may hereafter te proTed, aa it is 
now Buspected, that an unicellular Uredine 
precedes or is associated with it, forming 
a condition, or secondary form of fruit 
of that species. 5Iany instances of that 
kind have ah-eady been traced by De Barj • 
TnLisue, and others, and some have been a 
little too i^shly anrmiaed by their f llo era 
In FAra^midiicm, the pedicel is mu 1 more 
elongated than in Xenodoclitts, and ! e r[ i> e 
is fihorter, with fewer and a more lefiD te 
nnmberof cells for each species ; M On ey 
is of opinion that each cell of the spore n 
Fhragmidium has an inner globose cell fo 20— foek fo 
which be caused to esenpe by rupture of the *" " 

onf-er cell wall aa a sphieroid nucleus t lead nff to tl e nference 
that each coll baa its own individual powe ofgermmaton and 
reproduction. In Trijihi-affinium, tl ere a ■e 
three cells for each spore, two being placed 
side by side, and one superimposed In on 
Bpeciea, however, Triphragmium dcqluh 
(North American), the cells are arrange! as 
in Phragmidiam, so that this represents really 
a tricellnlar Phragmid'tum, linking the pre 
sent with the latter genns. lu Pue 1 a 
the number of species is by far tl e moafc 
nnmerons ; in tbia genua tbe spore a ■e un 
Beptate, and, as in all the Pucci m tl e 
peduncles are permanent. There a great 
variability in the compactness of tl e sp ea 
in the sori, op pnlvinnlea. In some apec es 
the aori are ao pulverulent that the spores ^ * "^JT^ '' * 
rftre as readily dispersed as in the Ured e 
in others they are so compact as to be separated from e 




• Do Bary, " Uflier <lio Brandpilse," lierlj n, 1 S63. 
, + Camy. in " yiinrt. Jouni. Mlor. Soi," (1657), vul. i 
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other witH great difficulty. As might be anticipated, this has 
considerable effect on the contour of the spores, which in pul- 
verulent species are shorter, broader, and more ovate than in 

the compact species. If a section of one of 
the more compact sori be made, it will be 
seen that the majority of the spores are side 
by side, nearly at the same level, their apices 
forming the external surface of the sori, but 
it will not be unusual to observe smaller 
and younger spores pushing up from the 
Fig. 22.— Pseudosporcs hymenial cells, between the peduncles of 
of p^cinia. ^^ie elder spores, leading to the inference 

that there is a succession of spores produced in the same pulvi- 
nule. In Fodisoma, a rather anomalous genus, the septate spores 
are immersed in a gelatinous stratum, and some authors have 
imagined that they have an affinity with the Tremellini, but 
this affinity is more apparent than roal. The phenomena of 
germination, and their relations to Boestelia^ if substantiated, 
establish their claim to a position amongst the Puccmiai.* It 
seems to us that Gymnosporangium does not differ generically 
from Podisoma, In a recently-characterized species, Podisoma 
Ellisii^ the spores are bi-tri septate. This is, moreover, peculiar 
from the great deficiency in the gelatinous element. In another 
North American species, called Gymnosporangium hiseptatum, 
Ellis, which is distinctly gelatinous, there are similar biseptate 
spores, but they are considerably broader and more obtuse. In 
other described species they are uniseptate. 

UsTiLAGiNET. — Thesc fungi are now usually treated as distinct 
from the Cceomaceiy to which they are closely related. t They 
are also parasitic on growing plants, but the spores are usually 
black or sooty, and never yellow or orange ; on an average much 
smaller than in the Cceomacei. In Tilletia, the spores are 
spherical and reticulated, mixed with delicate threads, from 

• Cooke, **0n Podisoma," in ** Journal of Quekett Microscopical Club," vol. u. 
p. 255. 

t Tulasne, " M^moire sur les Ustilagin^es," in " Ann. des Sci. Nat." (1847), 
vii. pp. 12 and 73. 
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wheOcS they spring. In the beat kncuvn species, Tillatia cartel, 
they constitute the " buut " of wheut. The peeuliaritiea of 
germination will be alluded to hereafter. In Uslilago, the 
minate sooty spores are developed either on delicate threads 
or in compacted cells, arising first from a sort of semi-gelati- 
nous, grmuooB stroma. It is very difficult to detect any threads 
associated with the sporeB. The species attack the flowers and 
anthers of composite and polygonaceons planta, the leaves, 
calms, and germen of grasses, &c., and are popularly known as 
" smuts." In Urocystis and T/iecaphora, the spores are nnited 
together into snb-globoBc bodies, form- 
ing a kind of compovind spore. In 
some species of Uroci/iitis, the union 
whiuh subsists between them is coni- 
paratively slight. In Tkeeajiliora, on 
the contrary, the complei sjiore, or 
agglomeration of spores, is compact, ''"'■ 23.— i'«cajiSoi-a kyaiica. 
being at first apparently enclosed in a delicate cyst. In Tuhar- 
einia, the minute cells are compacted into a hollow sphere, 
having lacunie commnnicating with the interior, and often exhi- 
biting the remains of a pedicel. 

.^CIDIACEL — This group diflera from the foregoing three 
groups prominently in the presence of a cellular peridiuni, which 
encloses the spores ; hence some mycologists have not hesitated 
to propose their association with the 
Gasteromycetes, although every other 
feature in their str\ictnre seems to 
indicate a close affinity with the 
Geoniace-i. Tlie pretty cups in the 
genus .^idium are sometimes scat- 

tM'ed and sometimes collected in clus- ""'■ "*■— -«'^""'"* "Ton-ian. 
ters, either with spermogonia in the centre or on the opposite 
surface. The cupa are usually white, composed of regularly 
arranged bordered cells at length bursting at the apeic, with the 
margins turned back and split int» radiating teeth. The spores 
are commonly of a bright oranj^'e or golden jeUow, sometimes 
white or brownish, and are produced in chains, or moniliform 
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strings, slightly attached to each other,* and breaking off at the 
summit at the same time that they continue to be produced at 
the base, so that for some time there is a successive production 
of spores. The spermogonia are not always readily detected, as 
they are much smaller than the peridia, and sometimes precede 
them. The spermatia are expelled from the lacerated and 
fringed apices, and are very minute and colourless. In It<Bstelia 
the peridia are large, growing in company, and splitting longi- 
tudinally in many cases, or by a lacerated mouth. In most in- 
stances, the spores are brownish, but in a splendid species from 
North America {Boestelia aurantiaca^ Peck), recently charac- 
terized, they are of a bright orange. If CErsted is correct in 
his observations, which await confirmation, these species are all 
related to species of Fodisoma as a secondary form of fruit.t 
In the Rcestelia of the pear-tree, as well as in thrft of the moun- 
tain ash, the spermogonia will be found either in separate tufts 
on discoloured spots, or associated with the Roestelia. In Peri' 
dermium there is very little structural difference from Soesielia, 
and the species are all found on coniferous trees. In JEnda» 
pTiyllum^ the peridia are immersed in the succulent substance of 
the matrix ; whilst in Grapkiola, there is a tougher and withal 
double peridium, the inner of which form a tuft of erect threads 
resembling a small brush. J 

Htphomycetes. — The predominant feature in the structure of 
this order has already been intimated to consist in the develop- 
ment of the vegetative system under the form of simple or 
branched threads, on which the fruit is generated. The common 
name of mould is applied to them perhaps more generally than 
to other groups, although the term is too vague, and has been 
too vaguely applied to be of much service in giving an idea of 
the characteristics of this order. Leaving the smaller groups, 
and confining ourselves to the Dematiei and the Mucedines, we 

* Corda, "Icones Fungorum," vol. iii. fig. 45. 

t Cooke, " On Podisoma," in '« Qnekett Journal," vol. ii. p. 255. 

^ It may be a question whether Graphiola is not more nearly allied to 
Trichocoma (Jungh Fl. Crypt. Java, p. 10, 1 7) than to the genera with which 
it is usually associated. — M. J. B. 
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shall obtain some notion of the prevalent structure. In the 
ibrmer the threads are more or less carbonized, in the latter 
Clearly colonrleaa. One of the largest genera in Demaliei is 
M^elminthosponum. It appears ou decaying herbaceous plants, 
and on old wood, fiiriuiny: eH'used black velvety patolits. TIjb 
mycelium, of coloured jointed threads, overlnys and penetrates the 
matrix J from this arise erect, rigid, and usually joint-ed threads, 
of a dark brown, neacly black colour 
at tlie base, but paler towards the 
apes. In most cases these thre^ids 
bavB an externally cortical layer, 
ivhich inipartB rigidity ; usually from 
the apex, but sometimes laterally, the 
spores are produced. Alttioagh si 
times colourle^, these are most c 
monly of some shade of brown, i 

id divided trans- 
versely by few or many septa. In 
HelmintkoHporittiA Smithii, the spores 
jd the dimensions of the 
thi-eads ; * in other species they are 
smaller. In Dendrypkiam, the threads 
and spores are very similar, except 
that the threads are branched at their 
npex, and the spores are often pro- 
duced one at the end of another in a 
short chain.t In Septosporium again, 
the threads and spores are similar, but 
the spores ore pedicellate, and at- ^^^ 
tached at or near the base ; whilst in 

Aerothi^eium, with similar threads and sjiorea, tiie latter i 
ulu5t«red together at the apex of the threads. In Tripogporiu 
the threads are similar, but the spores are tri-radiate; and 
Helicomu, the spores are twisted sjiirally. Thus, we might pi 
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Fig. 26. — Aerothecium simplex. 



through all the genera to illustrate this chief feature of coloured, 
septate, rather rigid, and mostly erect threads, bearing at some 

point spores, which in most in- 
stances are elongated, coloured, 
and septate. 

MucEDiNES. — Here, on the other 
hand, the threads, if coloured at 
all, are still delicate, more flexuous, 
with much thinner walls, and never 
invested with an external cortical 
layer. One of the most important 
and highly developed genera is 
PeronosporOf the members of which 
are parasitic upon and destructive 
of living vegetables. It is to this genus that ifte mould of the 
too famous potato disease belongs. Professor De Bary has done 
more than any other mycologist in the investigation and eluci- 
dation of this genus ; and his mono- 
graph is a masterpiece in its way.* 
He was, however, preceded by Mr. 
Berkeley, and more especially by Dr. 
Montague, by many years in eluci- 
dation of the structure of the flocci 
and conidia in a number of species f 
In this genus, there is a delicate 
mycelium, which penetrates the in- 
tercellular passages of living plants, 
giving rise 'to erect branched 
thi*eads, which bear at the tips of 
their ultimate ramuli, sub-globose, 
ovate, or elliptic spores, or, as De 
Deeply seated on the mycelium, 
within the substance of the foster plant, other reproductive 
bodies, called oogonia, originate. These are spherical, more or 

* De Bary, "Champignons ParasiteB," in **Ann. des Sci. Nat." 4"»*ser. vol. xx. 
t Berkeley, "On the Potato Murrain,*' in " Journ. of Ilort. Soc. of Loudoa," 
vol. i. (1846), p. 9. 




Fio. 27. — Pti'onospora Arenaria. 

Bary terms them — conidia. 
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less warted and brownish, the contents of which bi.'Come dif- 
ferentiated into vivacioua zooaporefi, capable, when expelled, of 
moving in water by the aid of vibratile cilia. A Kimilur struc- 
ture has ali'eady been indicated in Cystopus, otherwise it is I'aa'e 
in fungi, if the Saprohijniei be excluded. In Bofrijlig and in 
Foli/actU, the flocci and spoi'ea are similur, but the branches of 
the threads are ehoi'tcr and more compact, and tlie septa arc 
more common and numerous; the oogonia also are absent. Dc 
Bary Las selected Polyaetis einerea, aa it 
leaves, to illustrate his views of the dual- 
ism which he believes himself to have 
discovered in this Bpecies. " It spreads 
its mycelium in the tissue which is becom- 
ing brown," he writes, " and this shows 
at first essentially the same constrno- 
tioa and growth as that of the mycelium 
filaments of AspergiUus." On the my- 
oelinm soon appear, besides those which 
are spread over the tissue of the leaves, 
strong, thick, mostly fasciculate branches, 
which Btnnd close to one anotber, Ijreak- 
ing forth from the leaf and rising up per- 
pendicularly, the conidia-bearei-s. They 
grow about 1 mm. long, divide them- 
selves, by successively rising partitions, 
into some prominent cylindrical linked 
cells, and then their growth is ended, 
and the upper eel! produces near its 
point three to sis brandies almost stand- '''"'o^' 
iiig rectangularly. Of these the under 
oiiea are the longest, and they again shoot f 
their ends one or more still shorter little branches. The 
nearer they are to the top, the sliortcr are the branches, and 
leas divided ; the upper ones are quite bmnchleas, and their 
length scarcely exceeds the breadth of the principal stem. Thus 
a ftystemof branches appears, upon which, on a small scale, a 
bunch of grapes is repi'eseiited. All the twigs soon end their 
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growth ; they all separate their inner space from the principal 
stem, by means of a cross partition placed close to it. All the 
ends, and also that of the principal stem, swell abont the same 
time something like a bladder, and on the npper free half of 
each swelling appear again, simultaneously, several fine pro- 
tuberances, close together, which quickly grow to little oval 
bladders filled with protoplasm, and resting on their bearers 
with a sub-sessile, pedicellate, narrow basis, and which at length 
separate themselves through a partition as in Aspergillus, The 
detached cells are the conidia of our fungus ; only one is formed 
on each stalk. When the formation is completed in the whole 
of the panicle, the little branches which compose it are de- 
prived of their protoplasm in favour of the conidia ; it is the 
same with the under end of the principal stem, the limits of 
which are marked by a cross partition. The delicate wall of 
these parts shrinks up until it is unrecognizable ; all the conidia 
of the panicle approach one another to form an irregular grape- 
like bunch, which rests loosely on the bearer, and from which 
it easily falls away as dust. If they be brought into water they 
fall off" immediately ; only the empty, shrivelled, delicate skins 
are to be found on the branch which bore them, and the places 
on which they are fixed to the principal stem clearly appear as 
round circumscribed hilums, generally rather arched towards 
the exterior. The development of the main stem is not ended 
here. It remains solid and filled with protoplasm as far as the 
portion which forms the end through its conidia. Its end, 
which is to be found among these pieces, becomes pointed after 
the ripening of the first panicle, pushes the end of the shrivelled 
member on one side, and grows to the same length as the 
height of one or two panicles, and then remains still, to form a 
second panicle similar to the first. This is later equally per- 
foliated as the first, then a third follows, and thus a large 
number of panicles are produced after and over one another on 
the same stem. In perfect specimens, every perfoliated panicle 
hangs loosely to its original place on the surface of the stem, 
until by shaking or the access of water to it, it falls immediately 
into the single conidia, or the remains of branches, and the 
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already-mentioned oval liiliims are loft beliind. Natarally, the 
stem becomes longer by every perfoliation ; in laxtiriant speci- 
mens the length can reach that of Boino lines. Its partition is 
"already, by the ripening of the first panicle from the beginning 
of its foaudation, strong and bi'own ; it in on!y colonrleaa at the 
end which is extending, and in all new formations. During all 
theso changes the filament remains either nnbranched, except 
as regards the traTisient pEinicles, op it EendB out here and there, 
at the perfoliated spots, especially from the lower ones, one 
or two strong branches, standing opposite one another and 
rcaombiing the principal stem. 

The mycelium, vrhlch grows so ejtnbemntlj- in the leaf, often 
brings forth many other productions, which are called selerotia, 
and arc, according to their nature, a thick bulbous tissne of 
mycelinm fihimenta. Their formation begins with the profuso 
ramification of the tnycehum threaila in some place or other ; 
generally, but not always, in the veins of the leaf; the inter- 
twining twigs form an uninterrupted cavity, in which is often 
enclosed the shi-ivelliug tissne of the leaf. The whole body 
swells to a greater thickness than thiit of the leaf, and protrudes 
on the surface like a thickened spot. Its form varies from 
circular to fasiform ; its aize is also very unequal, ranging 
between a few lines and about half a miliiinetre in its largest 
diameter. At first it is colonrlosR, but afterwards its outer 
layers of cells become round, of a brown or black colour, and it 
I is anrrounded by a black rind, consisting of round cells, which 
.' fiC|umi.to it from the neighbouring tissue. The tissue within the 
I rind remains colourless ; it is au entangled uninterrupt-ed tissne 
■ of fiinguB filaments, which gradually obtain very solid, hard, 
cartilaginous coats. The sclerotium, which ripens as tho rind 
I becomes black, loosens itself easily from the place of its forma- 
I tion, and remains preaerved after the latter is decayed. 
] The selerotia are, here as in many other fungi, biennial 
organs, designed to begin a new vegetation after a atate of 
j apparent qaietnde, and to send forth special fruit- bearers. They 
may in this respect be compared to the bulbs and perennial 
I roots of under shrubs. Tho usual timo for tho development of 
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the sclerotia is late in the autumn, after the fall of the vine 
leaves. As long as the frost does not set in, new ones continu- 
ally spring up, and each one attains to ripeness in a few days. 
If frost appears, it can lie dry a whole year, without losing 
its power of development. This latter commences when the 
sclerotium is brought into contact with damp ground during 
the usual temperature of our warmer seasons. If this occur 
soon, at the latest some weeks after it is ripe, new vegetation 
grows very quickly, generally after a few days ; in several parts 
the colourless filaments of the inner tissue begin to send out 
clusters of strong branches, which, breaking through the black 
rind, stretch themselves up perpendicularly towards the surface, 

separate from one another, and then take 
all the characteristics of the conidia-bearers. 
Many such clusters can be produced on one 
sclerotium, so that soon the greater part of 
the surface is covered by filamentous conidia^ 
bearers with their panicles. The colourless 
tissue of the sclerotium disappears in the 
same degree as the conidia-bearers grow, 
and at last the black rind remains behind 
empty and shrivelled. If we bring, after 
many months, for the first time, the ripe 
sclerotium, in damp ground, in summer or 
autumn, after it has ripened, the further 
Tia.29.-PezizaFuMiana. development takes place more slowly, and 
a. Natural size. 6. Section j^ ^n essentially different form. It is true 

enlarged, c. Ascus and spo- ^ ^ «*««** iaw 

ridia. that from the inner tissue numerous fila- 

mentous branches shoot forth at the C09t of this growing 
fascicle, and break through the black rind, but its filaments 
remain strongly bound, in an almost parallel situation, to a 
cylindrical cord, which for a time lengthens itself and spreads 
out its free end to a flat plate-like disc. This is always formed 
of strongly united threads, ramifications of the cylindrical cord. 
On the free upper surface of the disc, the filaments shoot forth 
innumerable branches, which, growing to the same height, thick 
and parallel with one another, cover the before-named disc. 
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Some remain narrow and cylindi-ical, are very nmneroua, and 
prodnce fine hairs (parapliysea) ; otliers, also very nnmerons, take 
tlie form of club-like ampulla cells, and each, one forms iu its 
interior eight free swimming oval sporcB. Those ampulla cells 
are sporidiiferons asci. After tlio sporea have become ripe, tho 
fi-ee point of the utricle bursts, and the spores are scattered to a 
great distance by a mechanism which we will not here farther 
describe. New ampnllaa push themselves betvfeen those which 
are ripening and withering ; a disc can, nnder favourable circum- 
stances, always form new asci for weeks at a time. The num- 
ber of the already described ntricle- bearers is different, accord- 
ing to the size of the sclerotium ; smaller specimens nsnally 
produce only one, larger two to four. The size is regulated 
by that of the sclerotia, and ranges, in full-grown specimens, 
between one and more millimetres for the length of the stalk, 
and a half to three (seldom more) milliraetres for the breadth of 
tho disc." For some time the conidia form, belonging to the 
Mucedwes, has been known as Sotrgtis cinerea (or Polgactis 
dnerea). The compact mycelium, or solerotinm, as an im- 
perfect fongus, bore the name of ScleroHum echiiia/um, whilst to 
the perfect and cop-like form haa been given the name ot Peziza 
Tuekeliana. We have reproduced De Bary's life-history of this 
mould here, as an illustration of structure in the Mueedineg, but 
hepeaftor we shall have to write of similar transformations when 
treating of polymorphism. 

The form of the threads, anil the form and disposition of tho 
spores, vary according to the genera of which this order is com- 
posed. In Oidiam the mostly simple threads break up into 
joints. Many of the former species are now recognized aa con- 
ditions of Erijsiplie' In Atppi'/Ulua, tho threads are simple ontl 
erect, with a globose head, ai-uunil which are clustered chains of 
Bimple Epoi-es. In FeniciUiuiii,t\\& lowerportionof the threads is 
umplc, but they arc shortly branched at the apex, the branches 
being terminated by necklaces of minute spores. In Dactylium, 
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the threads are branched, but the spores are collected in clusters 
usually, and are moreover septate. In other genera similar 
distinctions prevail. These two groups of black moulds and 

white moulds are the noblest, and contain 
the largest number of genera and species 
amongst the Hyphomycetes. There is, how- 
ever, the small group of Isariacei^ in which 
the threads are compacted, and a semblance 
of such hymenomycetal forms as Glavaria 
and Pierula is the result, but it is doubtful 
if this group contains many autonomous 
species. In another small group, the SHl- 
hacei, there is a composite character in the 
head, or receptacle,* and in the stem when 
the latter is present. Many of these, again, 
as Tuhercularitty Volutella, Fusariunij <&c., 
contain doubtful species. In Sepedoniei and 
Fio. ZQ.—Peniciuium char- TrichodermaceL the threads are reduced to a 

iaruw, Cooke. . . it 

mmimum, and the spores are such a dis- 
tinctive element that through these groups the Hyphomycetes 
are linked with the Coniomycetes. These groups, however, are not 
of sufficient size or importance to demand from us, in a work of 
this character, anything more than the passing allusion which 
we have given to them. 

We come now to consider the structure in the Sporidiifera, in 
which the fructifying corpuscles or germs, whether called spores 
or sporidia, are generated within certain privileged cysts, usually 
in definite numbers. In aysteraatic works, these are included 
under two orders, the Physomycetes and the Ascomycetes, The 
former of these consists of cyst-bearing moulds, and from their 
nearest affinity to the foregoing will occupy the first place. 

Physomycetes include, especially amongst the Mucorini^ many 
most interesting and instructive species for study, which even 
very lately have occupied the attention of continental mycolo- 
gists. Most of these phenomena are associated more or less 
with reproduction, and as such will have to be adverted to again, 

* Cooke, ** Handbook of British Fungi," vol. ii. p. 552. 
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but there are pointe in the Btrncture which van best bo alluded 
to here. Agiiin taking Professor dc Bai'y's rcsenrchea as our 
gaide," we will illustrate this by tlie common Miieor mucedo: 
If we bring qnite fresh liorse-dung into a damp cunlined 
atmosphere, for example, under a bell-glass, tbere appears on its 
surface, after a few days, an immense white mildew. Uprig'ht 
strong filament-s of the breadth of a hair raise themselves over 
the surface, each of them soou shows at its point a round little 
head, which gradually becomes black, and a closer examination 
shows us that in all principal points it perfectly agrees with 
the sporangia of other species. 
Each of these wliite filaments 
is tk Bponuigia-bearer. They 
spring from a mycelinm whieh 
is spread in the dacg, and 
nppear singly upon it. Cer- 
tain peculiarities in the form 
of the eporanginm, and tbe 
little long cylindrical spores, 
which, when examined sepa- 
mtely, are quite flat and co- 
lonrleBs, are characteristic of 
the species. If the latter be 
sown in a suitable medium, 
for example, in a solution of 
sugar, they swell, and shoot ". Furtion of (riii w 
forth gorminaiing ntricles, which quickly grow to mycelia, which 
bear sporangia. This is easily produced on the most various 
organic bodies, and Mueor mucedo is therefore found sponta- 
neously on every substratum, which is capable of nourishing 
mildew, but on the above-named the most perfect and exuberant 
specimens are generally to be found. The sporangia- bearers 
are at first always branchless and without partitions. After 
the sporangium is ripe, cross partitions in irregular order and 
number often appear in the inner space, and on the upper 

u,"iii "Quarterly German Miigaiine,' 
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surface brandies of different number and size, cacb of which 
forms a sporangium at its point. The sporangia which are 
formed later are often very similar, but sometimes very different, 
to those which first appeared, because their partition is very 
thick and does not fall to pieces when it is ripe, but irregu- 
larly breaks off, or remains entire, enclosing the spores, and at 
last falls to the ground, when the fungus withers. The cross 
partition which separates the sporangia from its bearers is in 
those which are first formed (which are always relatively thicker 
sporangia) very strongly convex, while those which foUow later 
are often smaller, and in little weak specimens much less arched, 
and sometimes quite straight. After a few days, similar filaments 
generally show themselves on the dung between the sporangia- 
bearers, which appear to the naked eye to be provided with deli- 
cate white frills. Where such an one is to be found, two to four 
rectangular expanding little branches spring up to the same 
height round the filament. Each of these, after a short and 
simple proC38S, branch out into a furcated form ; the furcations 
being made in such a manner that the ends of the branch at last 
so stand together that their surface forms a ball. Finally, each 
of the ends of a branch swells to a little round sporangium, 
which is limited by a partition (called sporaugiolum, to distin- 
guish it from the larger ones), in which some, generally four, 
spores are formed in the manner already known. When the 
sporangiola are alone, they have such a peculiar appearance, with 
their richly-branched bearers, that they can be taken for some- 
thing quite different to the organs of the Mucor mucedoy and 
were formerly not considered to belong to it. That they really 
belong to the Mucor is shown by the principal filament which it 
bears, not always, but very often, ending with a large sporan- 
gium, which is characteristic of the Mucor mucedo : it is still 
more evident if we sow the spores of the sporangiolum, for, as 
it germinates, a mycelium is developed, which, near a simple 
bearer, can form large sporangia, and those form sporangiola, 
the first always considerably preponderating in number, and 
very often exclusively. If we examine a large number of speci- 
mens, we find every possible middle form between the simple 
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or less bmnctied a poratigia- bearers and he typical aporargLoln 
(Villa; and we arrive at liist at the couclasion simply to place the 
latter among the varieties of form which the sporangia-bearer 
of the Muccr mucedo shows, like every other typiciil organic 
form within certain limits. On the other hatid, propagation 
organs, differing from those of tlie sporangia and their products, 
belong to Mucor mucedo, which may be tei-nied conidia. On 
the dang (they are rare on any other sabatance) tliese appear at 
the same time, or generally somewhat later, tlian the sporangia- 
bearers, and are not unlike those to the naked eye. In a more 
accarate examination, they appear different ; a thicker, partition- 
leas filament rises up and divides itself, generally three-fbrked, at 
the length of one millimetre, into several series of branchjets. 
The forked branches of the last series bear under their points, 
which are mostly capillary, short erect 
little ramnli, and these, with which 
the ends of the principal branches ar- 
ticulate OQ their somewhat brtiad tops, 
sevei'al spores and conidia, near one 
anotherj about fiileeii to twenty are 
formed at the end of each little : 
mains. The peculiarities and i 
tioDS whicli f-o often appear in the ¥10.3%— SmtiX-portiaaot Batrytu 
ramiG cation need not be discussed 

here. After the articulation of the conidia, their hearers sink 
together by degrees, and are quite destroyed. The ripe conidia 
areromidlikeabftll, their surface is scarcely coloured, and almost 
wholly smooth. These conidioid forms were at first described 
as a separate species under the name of Bolrj/tU Jonesii. How, 
then, do they belong to the Mucor f * That they appear grega- 
riously is ns little proof of an original relation to one anoUiei', 
here as elsewhere. Attempts to prove that the coniilia and spo- 
rimgia- bearers originate on one and tihe same mycelium filament 
may possibly hereafter succeed. Till now this has not been the case, 

• Wfl sre quits awnre Ihnt Von Tiegliem and Le Mnnnier, in " Ann. Jes Sei. 
R«t." 1873, p. 33fi, ilispiite that thU lielongs to .Vi«'ur lauecdo, und assert tliat 
VtittveloHiam Janaii m itiulf a true Hueor, with luonoaparuiui aiioTaDgia. 
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and ho who has ever tried to disentangle the mass of filaments 
which exuberantly covers the substratum of a Mueor vegetation, 
which has reached so far as to form conidia, will not be surprised 
that all attempts have hitherto proved abortive. The suspicion 
of the connection founded on the gregariously springing up, and 
external resemblance, is fully justified, if we sow the conidia in a 
suitable medium, for example, in a solution of sugar. They 
here germinate and produce a mycelium which exactly re- 
sembles that of the Mucor mucedo^ and, above all, they pro- 
duce in profusion the typical sporangia of the same on its 
bearers. The latter are till now alone reproductions of conidia- 
bearers, and have never been observed on mycelia which have 
grown out of conidia. 

These phenomena of development appear in the Mucor when 
it dwells on a damp substance, which must naturally contain 
the necessary nourishment for it, and is exposed to the atmo- 
spheric air. Its mycelium represents at first strong branched 
utricles without partitions; the branches are of the higher 
order, mostly divided into rich and very fine-pointed ramulL 
In old mycelium, and also in the sporangia-bearers, the contents 
of which are mostly used for the formation of spores, and 
the substratum of which is exhausted for our fungus, short 
stationary pieces, filled with protoplasm, are very often formed 
into cells through partitions in order to produce spores, that 
is, grow to a new fruitful mycelium. These cells are called 
gemmules, brooding cells, and resemble such vegetable buds and 
sprouts of foliaceous plants which remain capable of develop- 
ment after the organs of vegetation are dead, in order to grow, 
under suitable circumstances, to new vegetating plants, as, for 
example, the bulbs of onions, &c. 

If we bring a vegetating mycelium of Mucor mucedo into a 
medium which contains the necessary nourishment for it, but 
excluded from the free air, the formation of sporangia takes place 
very sparingly or not at all, but that of gemmules is very abun- 
dant. Single interstitial pieces of the ramuli, or even whole 
systems of branches, are quite filled with a rich greasy proto- 
plasm ; the short pieces and ends are bound by partitions whicii 
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form parficnlar, often tun-like or globular cells; the longer ones 
arc chimgod, tbrongh the formtttion of cross partitions, into 
chains of similar cells ; the latter olten attain by degrees strong, 
thick walls, and their greasy contents often pass into innanierable 
drops of a very regular globular form and of equal size. Similar 
appearances show tliemaelres after the sowing of spores, wliich 
are capable of germinating in the mediam already deaci'ibud, 
from which the air is esclnded. Either aliort govminatinfj; 
utricles shoot forth, which soon form themselves into rows of 
gemninlcs, or tlie spores swell to largo round bladders filled 
with protoplasm, and shoot forth on various parts of their 
surface innumerable protuberances, which, fixing themselves 
with a. narrow basis, soon become round vesiculate cells, and on 
which the same sprouts which caused their production are re- 
peated, fonnations which remind ne of the fungus of fermenta- 
tion called globular yeast. Among all the known forma of 
gemmules we find a variety which are intermediate, all of which 
show, when brought into a norma.1 condition of development, 
the same proportion, and the same germination, as those we first 
described. 

We have detailed rather at length the stmoture and develop- 
ment of one of the moat common of the Mucors, which will 
serve as an illustration of the order. Other distinctions there 
may be which are of more interest as defining the limits of 
genera, except such as may be noticed when we como to write 
more specially of reproduction. 

AscOMYCETES. — Passing now to the Aecomgeetet, which aro 
especially rich in genera and species, we must first, and but super- 
ficially, allude to Tuheracei, aa order of sporidiiferoos fungi of 
eubterranean habit, luid rather peculiar structure.* In this order 
au external stratum of cells forms a. kiud of perithecium, which 
is more or less developed in different genera. This encloses the 
hymenium, which is sinnons, contorted, and twisted, often forming 
lacnna3. The hymenium in some genera consists of elongated, 
nearly cylindrical asci, enclosing a definite number of sporidia ; 
'a the true truffles and their immediate allies, the asci aro broad 

* Tittadini, " IHonni-raiiliii Tuberaceararu," 1831, 
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sacs, containing very large and beautiful, oiben coloured, sporidia. 
These latter have either a smooth, warted, spinulose, or lacunose 
epispore, and, as will be seen from the figures in Tulasne's 
Monograph, * or those in the last volume of Corda's great work,t 
are attractive microscopical objects. In some cases, it is not 
difficult to detect paraph jses, but in others they would seem to 
be entirely absent* A comparatively large number have been 
discovered and recorded in Great Britain, J but of these none 
are more suitable for study of general structure than the ordi- 
nary truffle of the markets. 

The structure of the remaining Ascomycetes can be studied 
under two groups, i.e., the fleshy Ascomycetes, or, as they have 
been termed, the Discomycetes, and the hard,or carbonaceous Asco- 
mycetes, sometimes called the Pyrenomycetes. Neither of these 
names gives an accurate idea of the distinctions between the two 
groups, in the former of which the discoid form is not universal, 
and the latter contains somewhat fleshy forms. But in the Dis- 
comycetes the hymenium soon becomes more or less exposed, 
and in the latter it is enclosed in a perithecium. The Discomy- 
cetes are of two kinds, the pileate and the cup-shaped. Of the 
pileate such a genus as Gt/romifra or JELelvella is, in a certain 
sense, analogous to the Agarics amongst Hymenomycetes, with a 
superior instead of an inferior hymenium, and enclosed, not 
naked, spores. Again, Geoglossum is somewhat analogous to 
C/avaria, Amongst the cap-shaped, Feziza is an Ascomycetous 
Cyphella, But these are perhaps more fanciful than real 
analogies. 

Recently Boudier has examined one group of the cup-shaped 
Discomycetes, the Agdoholei'j &ad\ by making a somewhat: £ree use 
of his Memoir, § we may arrive at a general idea of the struc- 
ture in the cupulate Discomycetes. They present themselves at 

* Tulasne, "Fungi Hypogaei," 1851. 

+ Corda, ** Icones*Fungorum," vol. vL 

X Berkeley and Broome, in " Ann. of Nat. Hist.*' 1st ser. vol.. xtUI. (1846), 
p. 73 ; Cooke, in **Seem. Journ. Bot." 

§ Boudier (B.), "M6moiresur les Ascoboles," in "Ann. des Sd. Nat.*' 6«» 
a&T, voL X. (1869). 
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first under the form of a small i-ourultU globule, and almost 
entirely cellular. This small globule, the commencement 
of the receptacle, is not long iti increasing, preserviog its 
ronnded form np to the development of the asci. At this 
period, under the influence of the rapid groivtli of these organs, 
it soon produces at its sumoiit a fissure of the external mem- 
brane, which becomes a more marked depression in the mai^ 
ginate species. The receptacle thus formed increases I'apidly, 
becomes plane, more convex, or more or less undulated at the 
tD&rgin, if at all of large size. Fixed to the place where it is 
generated by some more or less abundant mycelio id filaments, the 
receptacle becomes somewhat cup-shaped and either stipltate or 
seseile, composed of the receptacle proper and tlie hjmenium. 

The receptiicle proper compreliends the snbhymenial tissue, 
the parenchyma, and tbe extercal membrane. The snbhymenial 




ttsBue is composed of small compact cells, forming generally 
a more coloured and dense strntum, the superior ceils of which 
give rise to the asci and parnphysea. The parenchyma is seatei! 
beneath this, and is generally of interlaced filaments, of a loosei' 
cousistency than the preceding, united by intermediate cellules 
The external membrane, which envelopes the parenchyma, and 
limits the hymenium, differs from the preceding by the cells 
often being polyhedcic, sometimes transverse, and nnited to- 
gether, and sometimes separable. Estcinally it is sometimes 
smooth, snd sometimes granular or hairy. 
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The hymenium is, however, the most important part, con- 
sisting of (1) the paraphyses, (2) the asci, and sometimes (3) 
an investing mucilage. The asci are always present, the parsr 
physes are sometimes rare, and the mucilage in many cases 
seems td be entirely wanting. 

The paraphyses, which are formed at the first commencement 
of the receptacle, are at first very short, but soon elongate, and 
become wholly developed before the appearance of the asci. 
They are linear, sometimes branched and sometimes simple, 
offcen more or less thickened at their tips ; almost always they 
contain within them some oleaginous granules, either coloured or 
colourless. Their special function seems still somewhat obscure, 
and Boudier suggests that they may be excitatory organs for 
the dehiscence of the asci. However this may be, some mycolo- 
gists are of opinion that, at least in some of the Ascomycetes, 
the paraphyses are abortive asci, or, at any rate, that abortive 
asci mixed with the paraphyses cannot be distinguished from 
them. 

The mucilage forms itself almost at the same time as the 
paraphyses, and previous to the formation of the asci. This 
substance appears as a colourless or yellowish mucilage, which 
envelopes the paraphyses and asci, and so covers the hymenium 
with a shining coat. 

The asci appear first at the base of the paraphyses, under the 
form of oblong cells, filled with colourless protoplasm. By rapid 
growth, they soon attain a considerable size and fulness, the 
protoplasm being gradually absorbed by the sporidia, the first 
indication of which is always the central nucleus. The mucilage 
also partly disappears, and the asci, attaining their maturity, 
become quite distinct, each enclosing its sporidia. But before 
they take their complete growth they detach themselves from 
the subhymenial tissue, and being attenuated towards their base, 
are forced upwards by pressure of the younger asci, to, and in 
some instances beyond, the upper surface of the disc. This 
phenomenon commences during the night, and continues during 
the night and all the morning. It attains its height at mid-day, 
and it is then that the slightest breath of air^ the slightest 
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moTement, suffices to cause dehiaceooe, wbich is generally 
followed by a scai-cely perceptible contractile motion of the 
receptacle. 

-- . ccession in formation and maturity of 

In the true Aieobolm, in which the 
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ne thin prajecttuii; 
lisc, the next day 
and become more 
:g days, so aa to 
render the disc almost covered wilh raised 
black or crystiilliue points;* these after- 
wards diminish day by day, until they ulti- 
mately cease. The asci, after Beparation 
froai the subhymcnial tissue, continue to 
lengthen, or it may be that their elasticity 
permits of extension during expulsion. 
Boudier considers that an amount of elas- 
ticity is certain, because he has seen an 
ascns arrive at maturity, eject its spores, 
and then make a sharp and considerahle 
movement of retraction, then the ascua re- 
turned again immediately towards its pre- 
viona limits, alwaya wilh a reduction in the 
number of itA contained sporidia. 

The dehiscence of the asci takes p!ace in 
tlie Aacobolei, in aome species of Peziza, 
ISbreheila, Helvella, and Verpa, by means 
of ai> apical operculum, and in other Peziz<B, 



by a fifisure of the ascua. Thia opereulnm '"'"■ '"^'^ 

may be the more readily seen when the ascua ia coloured by a 

drop of tincture of iodine. 

The sporidia are usually four or eight, or some multiple of 
that number, in each ascua, rarely four, most commonly eight 
it a fixed time the protoplasm, which at first filled the asci, dia- 

IS of ILe DincomyceteB are the n^'i exaprtod. 
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appears or is absorbed in a mucilagiuons matter, which occapios 
its place, in the midst of which is a small nucleus, which is tho 
rudiment of the first spore; other spores are formed consecutively, 
and then the substance separates into as many sections as there 
are sporidia^ From this period each sporidium seems to have a 
separate existence. All have a nucleus, which is scarcely visible, 
often slightly granular, but which is quite distinct from the 
oleaginous sporidioles so frequent amongst the Discomyceto.^, 
and which are sometimes called by the same name. The spori- 
dia are at first a little smaller than when mature, and are sur- 
rounded by mucilage. After this period the sporidia lose their 
nebulous granulations, whilst still preserving their nucleus ; their 
outlines are distinct, and, amongst the true Ascoholeij commence 
acquiring a rosy colour, the first intimation of maturity. This 
colour manifests itself rapidly, accumulating exclusively upon 
the epispore, which becomes of a deep rose, then violet, and 
finally violet blue, so deep as sometimes to appear quite black. 
There are some modifications in this coloration, since, in some 
species, it passes from a vinous red to grey, then to black, or 
from rose-violet to brown. 

The epispore acquires a waxy consistence by this pigmenta- 
tion, so that it may be detached in granules. It is to this parti- 
cular consistency of the epispore that the cracks so frequent in 
the coloured sporidia of Ascoholus are due, through contraction 
of the epispore. As they approach maturity, the sporidia accu- 
mulate towards the apex of the asci, and finally escape in the 
manner already indicated. 

In all essential particulars there is a great similarity in the 
structure of the other Discomycetes, especially in their reproduc- 
tive syst-em. In most of them coloured sporidia are rare. In 
some the receptacle is pileate, clavate, or inflated, whilst iu 
Slictis it is very much reduced, and in the lowest form of all, 
Ascomt/ces, it is entirely absent. In the Phacidiacei^ the struc- 
ture is very similar to that of the Elvellacei, whilst the Syste- 
riaceij with greater affinities with the latter, still tend towards 
the Pyrenomycetes by the more horny nature of the receptacle, 
and the greater tendency of tho hymenium to remain closed, at 



least when dry. In some species of Hi/s/erium, the aporidia are 
remarkably fine, M. Duby* liaa Bubjected thia group to ex- 
amination, and M. Tnlasue partly ao.f 

Sph^sriacei. — In this group there ia considerable variation, 
within certain iiinits. It contains an immense n limber of 
species, and these are daily being augnientod. The general 
feature in all is the presence of a. perithecium, which contains 
and encloses the hymenium, and at length opening by a pore 
or ostioluta at the apex. In soma the perithecia are simple, in 
others compound j in some immexaed in a stroma, in others 
free J in some fleshy or wasy, in others carbonaceous, and in 
others membrauaoeous. But iu all there is this important dif- 
ference from the Ascomycetes we have already had under oon- 
sideration, that the hymenium is neyer exposed. The perithe- 
cium consists usually of an external 
layer of cellular structure, which is 
either smooth or hairy, usually black- 
ish, and an internal stratum of less 
compact cells, which give rise to the 
hymenium. i 

As in the Sheomyoeteg, the hyme- 
ninm consists of asci, parapbyses, and mucilage, but tlie whole 
ibrms a less compact and more gelatinous mass within the peri- 
thecium. The formation and growth of the asci and sporidia 
differ little from what we have described, and when mature the 
asci dehisce, and the sporidia alone are ejected from the ostiolum. 
We are not aware that opercnlate aaci have yet been detected. 
It has been shown in some ijistances, and suspected in others, 
ttiat certain moulds, formerly classed with Miiceilinea and Dema- 
tui, especially iu the genus Ifelininlhosporiam, bear the eonidia 
of species of Splneria, so that this may be regarded as one form 
of fruit. 

Perithecia, ve^y similar externally to those of Sphteria, but 
containing spores borne on slender pedicels and not enclosed in 
ftaoi, have had their relations to certain species of Sphwria indi- 




cated, and these are no longer regarded so mnch as species of 
Hendergoniaor Diplodia as the pycnidia of Spbreria. Other and 
more minute perithecia, containing minute, slender atjlospores in 
great numbers, formerly classed with Apotphisria, Fhoma, &e., bnfc 
are now recognized as spermogonia containing the Bpormatia of 
Spharia. How these iaflnence each other, when and nnder 
what circumatanccB the apermatia are instramental in impregna- 
tion of the aporidia, ia atill matter of mystery. It ia clear, how- 
ever, that in all tliese conidia, macroapores, microspores, and 
some spermatia, or by whatever names they may be called, there 
exists a power of germination. Tulaene has indicated in some 
instances five or six forma of fruit as belonging to one fungus, 
of which the highest and most perfect condition is a species of 

Pe Eis POBi AC Et.— Except in the perithecia rupturing irregularly, 
and not dehiscing by a pore, some of 
the genera in this group differ little in 
strncture from the Sphteriacex. On the 
other hand, the Erys'ipkei present impor- 
tant ajid very int«resting features. They 
occur chiefly on the green parts of grow- 
ing plants. At first there is a more or 
less profuse white mycelium,* This 
Fio. 36.— I'wcmiJa adioKa. gives rise to chains of conidia (Oufium), 
and afterwards small sphteroid projections appear at certain 
points on the mycelium, These enlarge, take an orange colour, 
ultimately passing into brown, and then nearly blaok. Exter- 
nally these perithecia are asnally fumiahed with long, spreading, 
intertwined, or branching appendages, sometimes beantifnlly 
branched or hooked at their tips. In the interior of the recep- 
tacles, pear-shaped or ovate asci are formed in clusters, attached 
together at the base, and containing two or more hy&line 
sporidia. Other forms of frnit have also been observed on 
the same mycelium. In an exotic genus, Meliola, the fulcra, or 
appendages, as well as the mycelium, are black, otherwise it 

• TnJasne, " Selects Fungomm Caqwilofiia," vol. >. LSteilW, "Organisation, 
kc, sar r£r;siphi," in "Ano. dea Sci. Kat." (tSSl), rol. it. p. 109. 
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is very analogons to such a genus of JErysiphei as MicrospJicBria. 
In Ohatomium, the perithecia bristle with rigid, dark-coloured 
hairs, and the sporidia are coloured. Our limits, however, will 
not permit of further elucidation of the complex and varied 
structure to be found amongst fuDgi.* 



* Other works besides those already cited, which may be consulted with 
advantage on structure, are— 

Tulasne, L. £. and 0., yarioos articles in " Annales des Sciences Naturelles," 
E^e ill. and iv. 

Hoffmann, "Icones Analyticse Fungorum." 

De Bary, **Der Ascomyceten." Leipzic, 1863. 

Berkeley, M. J., ** Introduction to Cryptogamic Botany." 

Seynes, J. de, "Recherches, &c., des Fistulines." Paris, 1874. 

Winter, G., " Die Deutschen Sordarien." 1874. 

Corda, J., **Prachtflora." Prague, 1840. 

De Bary, " Uber der Brandpilze." 1853. 

Brefeld, 0., "Botan. Untersuch. ii Schimmelpilze." 

Fresenius, G., " Beitrftge zur Mykologie." 1850. 

Von Tieghem and Le Monnier, in ** Annales des Sciences Naturelles" (1873), 

p. 835. 

Comu, M., "Surles Saprolegniees," in "Ann. des Sci. Nat." S"® s^r. xv. 

p. 5. 

Janczenski, **Sur TAscobolus furfuraceus," in "Ann. des Sci. Nat." 5"* 
B^r. XV. p. 200. 

De Bary and Woronin, "BeitrSge zur Morphologic und Physiologic der Pilze." 
1870. 

Bonorden, H. F., "Abhandlungenans dem Gebiete der Mykologie." 1864. 

Coemans, B., "Spicil^e Mycologique." 1862, etc. 
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CLASSIFICAIIOV 

A WOEC of this kind could not be considered complete wiilioiit 
some accoimt of the systematic arranirement or clasafication 
which these plants receive at the hands of botanists. It would 
hardlj avail to enter too minntely into details, yet sufficient 
should be attempted to enable the reader to comprehend the 
value and relations of the different groups into which fungi are 
divided. The arrangement generally adopted is based upon 
the " Systema Mycologicum *' of Fries, as modified to meet the 
requirements of more recent microscopical researches by Berkeley 
in his " Introduction,"* and adcpted in Lindley's *' Vegetable 
Kingdom-" Another arrangement was proposed by Professor 
de Bary,'!' but it has never met with general acceptance. 

In the arrangement to which we have alluded, all fungi are 
divided into two primary sections, having re Terence to the mode 
in which the fructification is produced. In one section, the 
spores (which occupy nearly the same position, and perform 
similar fbnctions, to the seeds of higher plants) are naked ; that 
is, they are produced on spicules, and are not enclosed in cysts 
or capsules. This section is called Spokifera, or spore-bearing, 
because, by general consent, the term spore is limited in fungi 
to such germ-cells as are not produced in cysts. The second 
section is termed Spoeidufera, or sporidia-bearing, because in 
like manner the term sporidia is limited to such germ-cells as 

• Rer. M. J. Berkeley, **lDtrodaction to Crypt<^amic Botany" (1857), 
don, i>p. 235 to 372. 

t De Bary, ia " Streinz Nomendator Fnngomm," p. 722. 
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are produced in cells or cysta. These cysta are respectively 
known as sporangia, and axci or theem. The tme meaning and 
valne of these divisioDS will be better comprehended when we 
Lave detailed the characters of the families composing these two 
divisions. 

Tirst, then, the section Spoeifkea contains four families, in two 
of which a hymeniam is present, and in two there is no proper 
hymenium. The term hi/menium is employed to represent a 
more or less expanded surface, on which the fructification is 
produced, and is, in fact, the fruit-bearing surface. When no 
each surface is present, the fruit is borne oa threads, proceeding 
direct from the root-like filaments of the mycelium, or an inter- 
mediate kind of cushion or stroma. The two families in which 
an hymenium is present ai'e called Hi/menomi/cetes and Oas/ero- 
mifceles. In the former, the hymenium is exposed ; in the latter, it; 
IS at first enclosed. We mast examine each of these separately. 

The common mushroom may bo accepted, by way of illustra- 
tion, as a type of the family Symeiiomyceteg, in which the 
hymenium is exposed, and is, in fact, the must noticeable 
feature in the family from which its name ia derived. Tlio 
pilens or cnp boars on ita under surface radiating plates or gills, 
consisting of the hymenium, over which are thickly scattered 
the hasidia, each surmounted by four spicules, and on each 
spicule a spore. "When mature, these spores fall freely npou the 
ground beneath, imparting to it the general colonr of the spores. 
But it must be observed that the hymenium takes the form of 
gill-plates in only one order of Hpnenomyeetei, namely, the 
Agaricini; and here, as in Cantharellus, the hymeuinm is some- 
times spread over prominent veins rather than gills. Still 
fiirther divergence is manifest in the JPolffporei, iu which order 
the hymeniam lines the inner sarface of pores or tubes, which 
are normally on the under side of the pileua. Both these orders 
include an immense number of species, the former more or less 
fleshy, the latter more or lesa' tough and leathery. There are 
atill other forms and orders iu this family, as the Si/i/nei, in 
which the hymenium clothes the surface of prickles or spines, 
and the Aanaularini, in which the bymenium ie entirely op 



. fresh, lobed and convolute, often brain-like, 
in^ to species, irom thtit of b 
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almost even. In the two remaluing orders, there is a adll iurtbev 
divergence from the muslu-oom form. In the one called Olavariei, 
the entire fungus is either simply ojliiidrical or club-shaped, or 
it is very much branched aud ramilied, Whatever form the 
fungus assumes, the hymenitini coveis tbe whole exposed eur&ce. 
In the Treinellini, a peculiar structure prevails, which at first 
seems to agree but little with tiie preceding. The whole plant 
is gelatinous whet 
aud varying in si» 

head to that of a man's head. Threads and sporophores are 
imbedded in the gelatinona substance,* so that the fertile threads 
are in reality not compacted into a true 
hymeniura. With this introduction wa 
may state that the technical charact«rH 
of the family are thus expressed : — 

Symenium free, mostly naked, or, if 

enclosed at fint, »oon expoeed ; tporea 

^ flaked, moiily qitafernate, on distinat 

gpiculet = HniESOMTCBTES. 

In this family some mycologists be- 
lieve that fungi attain the highest form, 
of development of which they are ca- 
pable, whilst others contend that the 
fm tification of the Aicoaiyeetes is more 
f the noblest species, such as the pileate 
th first rank. The morel is a familiar 
m y b said on this point, it is inoontro- 
I bl t nd moBt attractive, as well as the 
largest, forma are classed under the Symenoviycetes. 

In Gasteromyceles, the second family, a true hymcnium ia 
also present, bnt instead of being exposed it is for a long time 
enclosed in an outer peridium or sac, nntil the spores are fully 
matured, or the fongus is beginning to decay. The common 
puff-hall (Li/coperdon) is well known, and will illustrate the 
principal featare of the family. Externally there is a tongh 
* Tulaane, L. and C. B., " Observationa aur rOrganiantlon dea TrcmelliniJes," 
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coat or peridiam, which ia at first pale, but nltimately becomea 
brawn. Internally is at first a cream-col oared, then greenish, 
ccllnlar mass, consisting of the BLnuated hymeuium and young 
^Hjres, which at length, and when, the spores are fully matured, 
become brownish and dus^, the hymenium being broken up 
into threads, and the spores become fi-ee. In earlier stages, 
and before the hymeDiuni is roptared, the spores have been 
found to harmonize with those of JZi/menoint/cefes in their mode 
of production, since basidia are present surmounted each by 
four Bpienles, and each spicule normally surmounted by a 
spore.* Hero is, therefore, a cellular hymenium bearing qua- 
ternaiy spores, but, instead of being exposed, tJiis hymenium 
is wholly eucloRed witliin an external sac or peridium, which 
13 aot ruptured until tlie sjjorea are fully matui'ed, and the 
hymenium is resolved into threads, together forming a pul- 
verulent mass. It must, however, be borne in mind, that in 
only some of the orders composing this family is tbe hymenium 
thus evanescent, in others being more or less permanent, and 
this has led naturally enough to the recognition of two sub- 
families, in one of which the hymenium is more or less per- 
manent, thus following tbe Hymenomycetous type ; and in the 
other, tbe hymenium is evauesceat, and the dusty moss of spores 
tende more towards the Coniom>jcetes, this being cbaracteriaed 
as the coniospermous (or dnsty-sporod) snb-family. 

The first sub-family includes, firat of all, the llgpngmi, or sub- 
terranian species. And here again it becomes necessary to re- 
mind the reader that all subterranean fungi are not included in 
this order, inasmuch as some, of which the truffle is an uxam- 
plo, are sporidiiforous, develo[jing their sporidia in asci. To 
these allusion must hcreal'ter be cnado. Id the Hypogwi, the 
hymeuium is permanent and convoluted, leaving numerous 
minute irregular cavities, in whicb the spores are produced ou 

• Berkeley, M. J., "On tlio Fructification of Zycojitriiuit, Phallul, and tbsir 
Allied Quneiu," in " Ann. of Hat. Hist." ^1840). toI. ir. p. 156 ; "Ann. dns 
6ci. Nat." (1S39), xii. p. 163. Tolusne, L. H. and C, " De la Proclifi cation Ata 
Sc/diVt'cmu oompuriie il culls dcs Li/copmion at dca Uoviala," in " Aun. deafiiu. 
Hit," 2°" flfir. iviL p. 5. 
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sporophores. When specimens are very old and decaying, tbe 
interior may become pulverulent or deliquescent. The structure 
of subterranean fungi attracted the attention of Messrs. Tulasne, 
and led to the production of a splendid monograph on the 
subject.* Another order belonging to this sub-family is the 
Phalloidei^ in which the volva or peridium is ruptured whilst 
the plant is still immature, and the hymenium when mature 
becomes deliquescent. Not only are some members of this 
order most singular in appearance, but they possess an odour 
so foetid as to be unapproached in this property by any other 
vegetable production.f In this order, the inner stratum of the 
investing volva is gelatinous. When still young, and previous 
to the rupture of the volva, the hymenium presents sinuous 
cavities in which the spores are produced on spicules, after the 
manner of Hymenomycetes.X Nidulariacei is a somewhat aber- 
rant order, presenting a peculiar structure. The peridium con- 
sists of two or three coats, and bursts at the apex, either 
irregularly or in a stellate manner, or by the separation of 
a little lid. Within the cavity are contained one or more 
secondary receptacles, which are either free or attached by 
elastic threads to the common receptacle. Ultimately the 
secondary receptacles are hollow, and spores are produced 
in the interior, borne on spicules. § The appearance in some 
genera as of a little bird's-nest containing eggs has furnished 
the name to the order. 

The second sub-family contains the coniospermous puff-balls, 
and includes two orders, in which the most readily distinguish- 
able feature is the cellular condition of the entire plant, in its 
earlier stages, in the Trichogastres, and the gelatinous condition 
of the early state of the Myxogastres, Both are ultimately 
resolved internally into a dusty mass of threads and spores. 

* Tulasne, L. R. and C, "Fungi Hypogsei,** Paris, 1851; "Observations siur 
le Genre Elaphomyces,*' in "Ann. des Sci, Nat." 1841, xvi 5. 

+ iStapelice in this respect approach most closely to the Phalloidei, 

% Berkeley, in "Ann. Nat. Hist." vol. iv. p. 155. 

§ Tulasne, L, R. and C, "Recherches sur I'Organisation et le Mode de Fruc- 
tification dcs Nidulari^es," "Ann. des Sci. Nat." (1841), i. p. 41. 
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In the former, the peridium is either single or double, oe- 
camonallj home on a stem, but usually sessile. In Geatter, 
the " starry pntT-baHB," the outer peridium divides into 
several lobes, which fall ba^k in a ediellate manner, and expose 
the inner peridium, like a ball in the centre. In Palj/saccum, 
the interior is divided into numerous 
I cells, filled with secondary peridia. The 
de of spore- production has already 
in alluded to in our reniarks on JJr/eo- 
' pardon. All the species are large, as 
' compared with those of the following 
sub-family, and one species of Lyaoper- 
don attains an enormous size. One 
specinien recorded in the " Gardener's 
Chronicle" was three feet four inches 
in circumference, and weighed nearly 
ten pounds, In the Myxorjattres, the early stage has been the 
enbJBct of much controversy. The gelatinous condition presents 
phenomena so unlike anything previously recorded in plants, 
tliat one learned professor* did not hesitate to propose their 
exclusion irom the vegetable, and recognition in tJie animal, 
kingdom as associates of the Gregarinea. When mature, the 
spores and threads so much resemble those of the Tnchogastret, 
and the little plants themselves are so veritably miniature puff. 
balls, that the theory of their animal natnre did not meet with 
a ready acceptance, and is now virtually abandoned. The cba- 
racters of the family we have thtLs briefly reviewed are tersely 
stated, as — 

Si/menittm more or Irsg jiermanenUy concealed, consisting in 
moH ernes of cioielypackml eelh, qf wliich the fertile one» lenr 
naked »pores on disline/ spicule*, exposed only by the rupture or 
deeay of the investing coal or peridium = Gastepojiycetes. 

We come now to the second section of the Sporifera, in 

which no definite hymenium is present, And here we find 

also two families, in one of which the dusty spores are the 

• De Bary, A,. " Dea Mjxomjeetca," in " Ana, dca Sei. Nat." i"" sSr, »i. 

J. 158 ; " Bot, Z«it." in. p, 3fi7. 
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prominent fcataro, and hence termed Coniomi/celeg ; tlie otber, 
in which the threads are most noticeable, is Mi/phomycetet. 
In tlie former of these, the repvodactive system seems to pre- 
ponderate so much over the vegetative, that the fungus appears 
to bo all spores. The mycelinm is often nearly obsolete, and 
the short pediceis 80 evanescent, that a rusty or sooty powder 
represents the mature fungus, infesting the green parts of living 
plants. This is more especially true of one or two orders. It 
will he moat convenient to recognize two artificial sub-faniiliea 
for the purpose of illustration, in one of which the species are 
developed on living, and in the other on dead, plants. We will 
commence with the latter, recognizing first those which are 
developed beneath the cuticle, and then those which are super- 
ficial. Of the Bub-caticnlar, two orders may be named as the 
repreaentatives of this group in Ei-itain, these are the Sph/sro- 
nemei, in which the spores are contained in a more or leas perfect 
peritbecium, and the Melaneoniei, in which there is manifestly 
none. The first of these is analogons to the Sjjh/eriacei of As- 
comi/eetous faagi, and probably consists largely of spermogonia 
of known fipeciea of Sphwria, the relations of which have not 
hitherto been traced. The spores are produced on slender 
threads springing from the inner wail of the perithecium, and, 
when Eoatnre, are eicpelled from an ori£ce at the apex. Tliis is 



the normal condition, to 
the Melanconifi, there is 
produced in like 




exceptions, bi 
but the spores are 
stroma ( 
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formed from the mycelium, and, when mature, are expelled 
through a rupture of the cuticle beneath which they are gene- 
rated, often issuing in long gelatinous tendrils. Here, again, 
the majority of what were formerly regarded aa distinct species 
have been found, or suspected, to be forms of higher fimgi. The 
Torulacei represent the superficial fungi of this family, and these 
consist of a more or less developed mycelium, which gives rise 
to fertile threads, which, by constriction and division, mature 
into moniliform chains of spores. The species mostly appear 
as blackish velvety patches or stains on the stems of herbaceous 
plants and on old weathered wood. 

Much interest attaches to the other sub-family of Coniamycetes^ 
in which the species are produced for the most part on living 
plants. So much has been discovered during recent years of the 
polymorphism which subsists amongst the species in this section, 
that any detailed classification can only be regarded as pro- 
visional- Hence we shall proceed here upon the supposition 
that we are dealing with autonomous species. In the first place, 
we must recognize a small section in which a kind of cellular 
peridium is present. This is the j^cidiacei, or order of " cluster 
cups." The majority of species are very beautiful ol^jects under 
the microscope ; the peridia are distinctly cellular, and white or 
pallid, produced beneath the cuticle, through which they burst, 
and, rupturing at the apex, in one genus in a stellate manner, 
so that the teeth, becoming re flexed, resemble delicate Mnged 
cups, with the orange, golden, brown, or whitish spores or 
pseudospores nestling in the interior.* These pseudospores 
are at first produced in chains, but ultimately separate. Tn 
many cases these cups are either accompanied or preceded by 
spermogonia. In two other orders there is no peridium. In 
the CcBomacei, the pseudospores are more or less globose or 
ovate, sometimes laterally compressed and simple; and in 
Pucciniai, they are elongated, often subfusiform and septate. 
In both, the pseudospores are produced in tufts or clusters 
direct from the mycelium. The Caomacei might again be sub- 

♦ Corda, "Icones Fungorum," vol. ilL fig. 45. 
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divided into Ustilagines * and Uredines.f In tbe former, tlie 
pseudospores are mostly dingy brown or blackish, and in the 
latter more brightly coloured, often yellowish. The Ustilagines 
include the smuts and bunt of corn-plants, the Uredines 
include the red rusts of wheat and grasses. In some of the 
species included in the latter, two forms of fruit are found. 
In Melampsora, the summer pseudospores are yellow, globose, 
and were formerly classed as a species of Lecythea, whilst 
the winter pseudospores are brownish, elongated, wedge- 
shaped by compression, and compact. The PucciniceiX difter 
primarily in the septate pseudospores, which in one genus 
(Puccinia) are uniseptate ; in Triphragmium, they are biseptate ; 
in Phragmidium, multiseptate ; and in JCenodochus, moniliform, 
breaking up into distinct articulations. It is probable that, in 
all of these, as is known to be the case in most, the septate 
pseudospores are preceded or accompanied by simple pseudo- 
spores, to which they are mysteriously related. There is still 
another, somewhat singular, group usually associated with the 
Puccinicei, in which the septate pseudospores are immersed in 
gelatin, so that in many features the species seem to approacb 
the Tremellini. This group includes two or three genera, the 
type of which will be found in Podisoma,^ These fungi are 
parasitic on living junipers in Britain and North America, 
appearing year after year upon the same gouty swellings of the 
branches, in clavate or horn- shaped gelatinous processes of a 
yellowish or orange colour. Anomalous as it may at first sight 
appear to include these tremelloid forms with the dust-like fungi, 
their relations will on closer examination be moi*e fully appre- 
ciated, when the form of pseudospores, mode of germination, and 
other features are taken into consideration, especially when 
compared with Podisoma Ellisii^ already alluded to. This family 
is technically characterized as, — 

♦ Tulasne, **M^moire sur les Ustilagin^es," "Ann. des Sci. Nat." (1847), vii. 
12-73. 

t Tulasne, "M6moire snrles Ur^din^s/' "Ann. des Sci. Nat." (1854), ii. 78. 

X Tulasne, '* Sur les Uredinees," " Ann. des Sci. Nat." 1854, ii. pi. 9. 

§ Cooke, M. C.,** Notes on Pod wo7»a," in ** Journ. Quek. Micr. Club," No. 17 
(1871), p. 255. 



Distinct hyTRenium none. Pseudogpore» eilier toUtary or con- 
catvnale, produced on the tips of generally short threads, which 
are either naked or contained in a peritkedum, rarely compacted 
into a gelatinous mass, at length producing minute »pores =CoNio- 

«VOBTES. 

The last family of the sporifera is Syphomycetes, in which the 
threads are conapicaoualy developed, These are what are more 
ooniraoiily called "moalda," including eome of the most elegant 
(Hul delicate of microscopic forma. It is true of many of these, 
BB well as of the Conioiaycetes, that they are oxily conidial forms 
of higher fungi ; bnt there will remain a very large number of 
gpecies which, ns far as present kaowleilge estenda, must Ije ao- 
eepted fix antonomous. In this family, we may agaiu recognize 
three Bubdivisioas, in one of which the threads are more or less 
ooinpacU!d into a common stem, in another the threads are free, 
and in the third the threads can scarcely he distinguished from 
the mycelium. It is this latter group which nhitea tlie Hypho- 
myeetet with the Coniomycetes, the affinities being increased by the 
greak profiiBion with which the spores are developed. The first 
group, in which the fertile threads are united so aa to form a, 
componud stem, uonsints of two amall orders, the Isartacei and the 
Slilbacei, in the former of which the aporea ai-e dry, and in the 
latter somewhat gelatinous. Many of the speciea closely imitate 
forms met with in the Jfymenomycetes, such as Glaearia ; and, 
in the genus Isaria, it is almost beyond doubt that the Bpecics 
fonnd on dead inaecta, moths, apiders, flies, ants, 4c., are merely 
the conidiophorea of speciea of Torrubia.* 

The aecuud group is by far the largest, most typical, and 
Attractive in this family. It contains the black moulds and 
white moulds, technically known as the Dematiei and the 
Mueedinet. In the £rst, the threads are more or less corticated, 
that is, the stem has a distinct investing membrane, which peela 
off like a bark ; and the threads, often also the spores, are dark- 
coloured, aa if charred or scorched. In many cases, the spores 
are highly developed, large, mnltisejitate, and nucleate, and sel- 

• TalnsHO, L K. and C, "Solectu Funsorum Girpolosiii." vol. iiL pp. 4-19. 
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dom are spores and threads colourless or of bright tints. In 
the Mucedines, on the contrary, the threads are never coated, 
seldom dingy, mostly white or of pure colours, and the spores 
have less a tendency to extra development or multiplex septa- 
tion. In some genera, as in Peronospora for instance,* a 

secondary fruit is produced in the form of 
resting spores from the mycelium; and 
these generate zoospores as well as the 
primary spores, similar to those common 
in AlgcB, This latter genus is very de- 
structive to growing plants, one species 
being the chief agent in the potato disease, 
and another no less destructive to crops of 
onions. The vine disease is produced by a 
Fig. JLQ.-Rhnpaiomycti spccics of Oidium, which is also classed 
candidwi. with Mucedifies, but which is really the 

conidiiferous form of Mrysiphe. In other genera, the majority 
of species are developed on decaying plants, so that, with the 
exception of the two genera mentioned, the Hyphomycetea exert 
a much less baneful influence on vegetation than the Conio- 
mycetes. The last section, including the Sepedoniei, has been 
already cited as remarkable for the suppression of the threads, 
which are scarcely to be distinguished from the n[iycelium ; the 
spores are profuse, nestling on the floccose mycelium; whilst 
in the Trichodermacei, the spores are invested by the threads, as 
if enclosed in a sort of false peridium. A summary of the 
characters of the family may therefore be thus briefly ex- 
pressed: — 

Filamentous ; fertile threads naked, for the most part free, or 
loosely compacted, simple or branched, hearing the spores at their 
apices, rarely more closely packed, so as to form a distinct common 
«^^m =Hyphomycetes. 

Having thus disposed of the Sporifera, we must advert 

to the two families of Sporidiifera, As more closely related 

to the Hyphomycetesy the first of these to be noticed is the 

* De Bary, A., *'Recherches surles Champignons ParaMtes," in ** Ann. dcs 

Sci. Nat." 4'»« s^r. xx. p. 6 ; ** Grevillea," vol. i. p. 150. 
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JPhysomijcetes, ia ivLich tliere is no proper liynicniimi, and the 
threaila proceeding fi-om tba mycelium bear vesicles contain- 
mg an indeflmte number of sporidia. Tlie fertile threads are 
either free or only sligiitly felted. In the order Aniennarid, the 
threads ai'e black and moniliform, more or leaa felted, bearing 
irr^ular sporangia, A common, fangaa named Zamnidium 
cellare, found in cellars, aiid iocmsting old wine bottles, as 
with a blackened felt, belongs to this order. The larger and 
riiora highly-developed order, Mucorini, diiJei-s iii tbe threads, 
which are simple or branched, being free, 
erect, and bearing tlie sporangia at the tipa 
of the thread, or branches. Some of the 
species bear great extemal resemblance to 
Mucedines nntU the frait ia examined, when 
the fructifying heads, commonly g!obose or 
ovate, are foand to be delicate transparent 
vesicles, enclosing a large number of minot^ 
sporidia ; when mature, the sporangia burst 
and the sporidia are set free. In some spe- 
cies, it has long been known that a sort of '" '~ """•""'""■'■ 
CMiiiugation takes place between opposite threads, which results 
in the formation of a sporangium.* None of these species are 
destructive to vegetation, appearing only upon decaying, and 
not upon living, plants. ^ state approaching putrescence seems 
to be essential to their vigorous developmenL The following 
characters may be compai-od with those of the family pre- 
ceding it : — 

Ftlameiilous, threads free or only ^liglitly felted, bearing I'eaiclea, 
tehich contain indefinUe gporidia-= PnysOMICETES. 

In the last family, the Aacamifeetes, wo shall meet with a 
very great variety of forms, all agreeing in producing sporidia 
contained in certain cells called asci, which are produced from 
the hjmenium. In some of these, the asCi are evanescent, 
but in the greater number are permanent. In Oni/genei, tlie 
reot'ptaclo is either club-shaped or somewhat globose, and the 

* A. de Bury, Imnalaleil Id " GreviUca," vol i. p. 167 ; Talaaae, "Ann. dee 
ScL Hftt." 6>«a£r. (1866), p. 211. 
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peridium is filled with branched threads, which produce asci of a 
very evanescent character, leaving the pulverulent sporidia to 
fill the central cavity. The species are all small, and singular for 
their habit of affecting animal substances, otherwise they are 
of little importance. The Perisporiacei, on the other hand, are 
very destructive of vegetation, being produced, in the majority 
of cases, on the green parts of growing plants. To this order 
the hop mildew, rose mildew, and pea mildew belong. The 
mycelium is often very much developed, and in the case of the 
maple, pea, hop, and some others, it covers the parts attacked 
with a thick white coating, so that from a distance the leaves 
appear to have been whitewashed. Seated on the mycelium, at 
the first as little orange points, are the perithecia, which enlarge 
and become nearly black. In some species, very elegant whitish 
appendages radiate from the sides of the perithecia, the varia- 
tions in which aid in the discrimination of species. The perithecia 
pontain pear- shaped asci, which spring from the base and enclose 
a definite number of sporidia.* The asci themselves are soon 
dissolved. Simultaneously with the development of sporidia, 
other reproductive bodies are produced direct from the mycelium, 
and in some species as many as five different kinds of reproduc- 
tive bodies have been traced. The features to be remembered in 
JPerisporiacei, as forming the basis of their classification, are, that 
the asci are saccate, springing from the base of the perithecia, 
and are soon absorbed. Also that the perithecia themselves are 
not perforated at the apex. 

The four remaining orders, though large, can be easily charac- 
terized. In Tuberacei, all the species are subterranean, and the 
hymenium is mostly sinuated. In JElvellacei, the substance is 
more or less fleshy, and the hymenium is exposed. In Pkacl- 
diacei, the substance is hard or leathery, and the hymenium is 
soon exposed. And in Sphariacei, although the substance is 
variable, the hymenium is never exposed, being encltsed in 
perithecia with a distinct opening at the apex, through which 
the mature spores escape. Each of these four orders must be 

* Leveill6, J. H., "Organisation, &c., de TJ&rysiplie," in "Ann. des Sci. 
Nat." (1851), XV. p. 109. 
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extumned more in detail. The Tuberacei, or Enbterranean 
Ascomyeetei, are analogoue to the Uypogiei of the Oasteromycetes. 
Tbe truffle is a familiar and highly prized example. There is a 
kind of outer peridium, and the interior consista of a fleshy 
hymenium, more or less convoluted, sometimes sinnona and con- 
fluent, BO as to leave ouly minute elongated and irregular cavi- 
ties, and sometimes none at all, the two opposing faces of tbe 
Lymeninm meeting and coalescing.* Certain privileged cells 
of the hymenium swell, and ultimately become asci, enclosing a 
definite number of Bporidia, The sporidia in many caeca are 
large, reticulated, echinalate or verrucose, and mostly somewhat 
In the genus Elapkomyces, the asci are more than 
ily diffluent. 

The jEUftllaeei are fleshy in substance, or somewhat waxy, 
sometimes tremelloid. There is no peridium, but the hymenium 
is always exposed. There is a great variety of forms, some 
being pileate, and others cup-shaped, as there is also a great 
variation in size, from the minute Pezita, small as a grain of 
Band, to the large Selvella g'lgas, which equals in dimen- 
BionB the head of a child, in the pileate forms, the stroma 
is fleshy and highly developed j in the cnp-shaped, it is 
reduced to the external cells of the cup which enclose the 
hymem'um. The hymenium itself consists of elongated fertile 
polls, or asci, mixed with linear thread-like barren cells, called 
paraphyses, which are regarded by some authors as barren asci. 
These are placed side by side in juxtaposition with the apes 
ontwards. Each ascus contains b definite number of sporidia, 
which are sometimes coloured. Wheu mature, the asci explode 
above, and the sporidia may be seen escaping like a miniatare 
cloud of sraoke in the light ^f tlie mid-day sun. Tbe disc or 
surface of the hymenium is often brightly coloured in the genus 
Peziza; tints of orange, red, and brown having the predominance. 

In Fhacidiacei, the substance is hard and leatheiy, intermediate 
between the fleshy Filvellncei and the more horny of the Sphis- 
riacei. The perithecia are either orbicular or elongated, and the 
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Iiymeiiiam soon becomes exposed. la Bome instances, there is 
a close afBnity with the Ehellacei, the exposed hymeninm being 
similar in Btmcture, but in all the disc is at first closed. In 
orbicalar forms, the fissure talies place in a stellate manner from 
the centre, and the teeth are reflcKed. In tbe ^ys/mncci, whera 
the perithecia are elongated, the fissure takes place throughout 
their length. As a rule, the sporidia are more elongated, more 
commonly septate, and more usually coloured, than in EleellaeeL 
Only a tevi solitary instances occur of individual specios that 
ing plants. 

, the sutatance of the stroma (when pra* 
sent) and of the perithecia is vari- 
able, being between fleshy and wasy 
in Nectriei, and "tough, horny, some- 
times brittle, in Hypoxylon, A peri- 
thccinm, or cell escavated in the 
stroma which fulfils the functions of 
a perithecium, is always present. 
The hymenium lines the inner walls 
of the perithecium, and fonns a gela- 
tinous nucleus, consisting of asci and 
paraphyses. When fully mature, the asci are ruptured and tha 
sporidia escape by a pore which occupies the apex of the peri- 
thecium. Sometimes the perithecia are solitary or scattered, and 
sometimes gregaiious, whilst in other instances they are closely 
aggregated and immersed in a. stroma of variable size and form. 
Conidia, spermatia, pycuidia, ijfc., have been traoed to and asso- 
ciated with some species, but the history of others is still obscure. 
Many of the coniomycefous forms grouped under tbeS^AfBrojieoiei 
are probably conditions of the Sphtbriaeei, as are also the Jlfeian- 
eoniei, and some of the Hyphami/CEles. A very common ftingns, 
for instance, which is abundant on sticks and twigs, forming 
rosy or reddish pustules the size of a millet seed, formerly 
named Tahercularia vulgaris, is known to be the conidia- bearing 
stroma of the spbieriaceous fungus, Nfctria fin iiaharina ; • and so 
" " A Curniut Twig iiiid Sometliicg on it," in "CJai'dener'a Ciiruniule " for 
Januorj 2S, 1871. 
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witli many others. The following are the technical characters 
of the family : — 

Fruit cormsting of sporidia, mostly definite^ contained in asci, 
springing from a naked or enclosed stratum of fructifying cells 
and Jonning a hgmenium or nucleus = Ascomycetes. 

If the characters of the different families are home in mind, 
there will be but little difficulty in assigning any fungus to the 
order to which it belongs by means of the foregoing remarks. 
For more minute information, and for analytical tables of the 
families, orders, and genera, we must refer the student to some 
special systematic work, which will present fewer difficulties, if 
he keeps in mind the distinctive features of the families.* 

To assist in this we have given on the following page an 
analytical arrangement of the families and orders, according 
to the system recognized and adopted in the present volume. 
It is, in all essential particulars, the method adopted in our 
** Handbook,*' based on that of Berkeley's " Introduction " and 
" Outlines." 

* Berkeley^ M. J., ** Introduction to Cryptogamio Botany," London, 1857 ; 
Cooke, M. C, "Handbook of British Fungi,** London, 1871 ; Corda, A. C. J., 
^'Anleitnng znm Studium der Mycologie," Prag, 1842; Kickx, J., '* Flore 
Cryptogamiqae dea Flanders,*' Gand, 1867 ; Fries, E., " Systema Mycologicum," 
Lund, 1830; Fries, -E., '^Samma Yegetabilium Scandinavise," 1846; Secretan, 
L., ** Mycographie Suisse," Genera, 1833 ; Berkeleyi M. J., " Outlines of 
British FvDgology/' London^ I860. 
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TABULAR ARRANGEMENT OF FAMILIES AND 

ORDERS. 



Division I. 



SPOEIFERA. 



I. Hymenium free, mostly naked, or soon exposed • 

Hymenium normally inferior — 

Fmit-bearing surface lamellose . • 

Fruit-bearing surface porous or tubular . 
Fruit-bearing surface clothed with prickles 
Fruit-bearing surface even or rugose . • 

Hymenium superior or encircling — 

Glavate, or branched, rarely lobed . • 
Lobed, convolute, or disc-like, gelatinous . 



Spores naked, 

• HTMENOMTOETBa 

• Agarictni, 

• Polyporei, 

• Sydnei. 

. Auricularini, 

• Clavariei, 

. Tremdlinu 



II. Hymenium enclosed in a peiidium, ruptured when mature 
Hymenomycetous — 

Subterranean, naked or enclosed . • . 
Terrestrial, hymenium deliquescent . 
Peridium enclosing sporangia, containing spores 
Goniospermous — 

Stipitate, hymenium convolute, drying into a 

dusty mass, enclosed in a volva . 
Cellular at fii'st, hymenium drying up into a 

dusty mass of threads and spores 
Gelatinous at first, peridium containing at length 
a dusty mass of threads and spores 

IIL Spores naked, mostly terminal^ on inconspicuous threads, 
free or enclosed in a perithecium • • • 

Growing on dead or dying plants — 
Subcutaneous — 

Perithecium more or less distinct • • 
Perithecium obsolete or wanting • • 
Superficial — 

Fructifying surface naked. 

Spores compound or tomiparous • • 
Parasitic on living plants — 

Peridium distinctly cellular .... 
Peridium none — 

Spores sub-globose, simple or deciduous . 
Spores mostly oblong, usually septate • 



GASTBROMT.'nw^a. 

HypogceL 

Phalloideu 

NidtUaria4xL 



Podctodnei, 

Trichogastres, 

Myxogastrea* 

CONIOMTOSTES. 



SpfujRronemeU 
MelanconieL 



Torulacei, 

JBcidiaceL 

CcBomaceu 
Pticcinicei, 
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rV. Spores naked, on conspicuous threads, rarely compacted, 

small 

Fertile threads compacted, sometimes cellular — 
Stem or stroma compound — 

Si>ores dry, volatile 

Mass of spores moist, diffluent • • • 
Fertile threads, free or aiJi^tomosing — 
Fertile threads dark, carbonized«> 

Spores mostly compound • • • • 
Fertile threads not carbonized— ^ 
Very distinct — 

Spores mostly simple • • • • 
Scarcely distinct from mycelium— 

Spores profuse . • • • • 



HTPHOMTOETB& 



Isariacei. 
StUbaceu 



DemcUieL 

Mucedines, 
Se^pedonieL 



Division IL SPORIDIIFERA. Sporidia in Asci. 

V. Fertile cells seated on threads, not compacted into a 

hymenium. ...•••• Phtsomtcete& 
Threads felted, moniliform — 

Sporangia irregular . . • • • • Antennariei. 
Threads free — 

Sporangia terminal or lateral • • • • Mucorini. 
Aquatic Saprolegniei, 

VI. Asci formed from the fertile cells of a hymenium • AsooMrosTSS. 
Asci often evanescent — 
Receptacle clavaef orm — 

Asci springing from threads • • • Onygenei, 
Perithecia free — 

Asci springing from the base • • • Perisporiacei, 
Asci persistent — 

Perithecia opening by a distinct ostiolum . . SphcBi'iacei, 
Hard or coriaceous, hymenium at length exposed Phacidiacei. 
Hypogaeous ; hymenium complicated . , . Tuberacei. 
Fleshy, waxy, or tremelloid; hymenium mostly 
exposed ••••••• ElvdlaceL 
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17. 

USES. 

The rigid utilitarian will hardly bo satisfied with the shoi*t 
catalogue which can be furnished of the uses of fungi. Except- 
ing those which are employed more or less for human food, very 
few are of any practical value in arts or medicine. It is true 
that imperfect conditions of fungi exert a very important influ- 
ence on fermentation, and thus become useful ; but, unfortu- 
nately, fungi have the reputation of being more destructive and 
offensive than valuable or useful. Notwithstanding that a large 
number of species have fix)m time to time been enumerated as 
edible, yet those commonly employed and recognized are very 
few in number, prejudice in many cases, and fear in others, mili- 
tating strongly against additions to the number. In Great 
Britain this is especially the case, and however advisable it may 
be to exercise great care and caution in experimenting on untried 
or doubtful species, it can only be regarded as prejudice which 
prevents good, in fact, excellent, esculent species being more 
extensively used, instead of allowing them to rot by thousands 
on the spots where they have grown. Poisonous species are 
also plentiful, and no golden rule can be established by means 
of which any one may detect at a glance good from bad, 
without that kind of knowledge which is applied to the dis- 
crimination of species. Yet, after all, the characters of half 
a dozen good esculent fungi are acquired as easily as the 
distinctions between half a dozen birds such as any ploughboy 
can discriminate. 

The common mushroom {Agaricus campestris) is the besi 



known oscalent, whether in its uncultivated or in a cnltiTBt«d 
state. In Britain many thoQsanda of people, notably the lower 
classes, will not recognize any other as fit for food, whilst in 
Italy the samo classes have a strong prejndice against this vciy 
species.* In Vienna, we founcl by porsonnl experience that, 
although many others are eaten, it is this which has the most 
nniversal preference, yet it appears but sparingly in the markets 
as compared with others. In Hungary it does not enjoy by 
any mean 3 so good a repntation. In Franco and in Germny 
it is a common article of conanmption. The difi'erent ■varieties 
found, as the resalta of cultivation, present some variation in 
colour, Ecalinesa of pileus, and other minor features, whilst 
remaining true to the conatitaent characters of the species. 
Althoagh it is not onr intention to enumerate here the botanical 
distinctions of the species to which we may call attention, yet, 
as mistakes (sometimoa fatal) are often being recoi-ded, in which 
other fungi are confounded with this, we may he permitted a 
hint or two which should be remembered. The spores are 
purple, the gills are at first delicate pink, afterwards purple; 
there is a permanent ring or collar round the stem, and it must 
not be sought in woods. Many accidents might have been 
spared had these facts been rennembered. 

The meadow mushroom {Ajaricut arvaisis) is common in 
meadows and lowland pastures, and ia usually of a larger size 
than the pi-eeeding, with which it agrees in many particulars, 
and is sent in enormous quantities to Corent Garden, where it 
frequently predominates over Agaricui campestris. Some persona 
prefer this, which has a stronger flavour, to the ordinary mush- 
room, and it is the species most commonly sold in the autumn 
in the streets of London and provincial towns. According to 
Peraoon, it is preferred ia France ; and, in Hungary, it is con- 
sidered as a special gift from St. George. It has acquired in 
England the name of horse mushroom, from the enormous sizo 

* BadbaiD, Dr. C. D., "A Treatiae on ttae EscuIeoC Fongusea of England," 
\A edition (18*7), p. 81, pi. i; 2nd eslilion, o-litot hy F. Currcj, M.A. 
0883), p. Bi, pL i ; Cooke, M. 0., " A Plain and Fjwj Account of Britiuh 
Pnngi," iBl edition '1362), p. 44, 
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it sometimes attains. Withering mentions a specimen that 
weighed fourteen pounds.* 

One of the commonest (in our experience the most common) 
of all edible fungi in the public markets of Vienna is the 
Hallimasche {Agaricus melleus), which in England enjoys no 
good reputation for flavour or quality; indeed, Dr. Badham 
calls it "nauseous and disagreeable," and adds that "not to 
be poisonous is its only recommendation." In Vienna it is 
employed chiefly for making sauce ; but we must confess that 
even in this way, and with a prejudice in favour of Viennese 
cookery, our experience of it was not satisfactory. It is at 
best a sorry substitute for the mushroom. In the summer and 
autumn this is a very common species in large tufts on old 
stumps. In similar localities, and also in tufts, but neither so 
large, nor so common, Agaricus fusipes is found. It is prefer- 
able to the foregoing as an esculent, and is easily recognized by 
the spindle-shaped stem. 

Agaricus ruhescens, P., belongs to a very suspicious group of 
fungi, in which the cap or pileus is commonly studded or 
sprinkled with paler warts, the remains of an investing volva. 
To this group the poisonous but splendid fly-agaric (^ Agaricus 
muscarius) belongs. Notwithstanding its bad company, this 
agaric has a good reputation, especially for making ketchup ; 
and Cordier reports it as one of the most delicate mushrooms 
of the Lorraine.f Its name is derived from its tendency to 
become red when bruised. 

The white variety of an allied species (Agaricus vaginatus) 
has been commended, and Dr. Badham says that it will be found 
inferior to but few agarics in flavour. 

A scaly- capped fungus {Agaricus procerus)^ with a slender 
stem, called sometimes the parasol mushroom, from its habit, is 
an esteemed esculent. In Italy and France it is in high request, 

* Mr. Worthington Smith bar published, on two sheets, ooloared figures of the 
most common esculent and poisonous fungi (London, Hardwicke), which will be 
found more useful than mere description in the discrimination of the species. 

f Eoqucs, J., *'Hist. des Champignons Comestibles et Y^^neux," Paris 
1832), p. 130. 
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and is included ia the majority of continental works on the 
cililtlc fnngi.* In Austria, Germa-ny, and Spain, it has special 
"vulgar" names, and ia eaten in ail these countries. It is 
much more collected in England than formerly, but desei-ves 
to he still better known. "Wlien once seen it can scarcely bo 
confounded with any other British spoeies, save one of its 
nearest allies, which partakes of its own good qualities {jli/oriruK 
raehodei), though not quite so good. 

Agaricu9 primulus. Scop., and Affarieoi orclla, Badh., if they 
be not forms of the same species (which Dr. Ball contends that 
they ore not f), have also a good reputation aa eaculeuta. They 
are both neat, white agarics, with a mealy odour, growing 
respectively in woods and open glades. Ai/aricua nelitlaris, 
Batsoh, is a much larger species, found in woods, often in large 
grcgarioas patches amongst dead leaves, with a smoky mouss- 
colonred pileua, and profuse white spores. It is sometimes aa 
much as five or six inches in diameter, with rather a faint odour 
and mild taste. On the continent, as well ns in Britain, this is 
included amongst edible fungi. Still larger and more imposing 
is the magnificent white species, Afjar'iens maximu*, Fr.,I which 
ia figured by Sowerby,§ under the name of Agnricut i/iffanteu». 
It will attain a diameter of fourteen inches, with a stem two 
inches thick, and rather a strong odour. 

A spring fungus, the true St. George's mnshroom, Agaricu* 
gamboiut, Fr., makes its appearance in pastures, usually growing 
in rings, in May and June, and is welcome to mycophagists from. 
its early growth, when esculent species are rare. It is highly 
esteemed in France and Italy, so that when dried it will realize 
as much as from twelve to fifteen shillings per pound. Guil- 
larmod includes it amongst Swiss esculents, [| Professor Buck- 

• Lent, Dr. n. 0., "Die NatjIichBn nad Si:h!iailclieii SchwitmmB, " Ootim 
(1831), p, S2, pi. 2. 

+ Bull, H. G., in " rtansMtiona of Woolhope Club"' (13a9). Fries a.lmita 
tiiem aadistiact spBciaain the aBW eiKtioa of his " Bjiierina. " 

t HuBaej-B " IllaatratiQna of Mycolo^j," aer. i. pi. 79. 

t Sowcrby'B "Britiah Funei," pi. 2H. 

I Farce-QDilkrmDd, <> Lea CluLm]>igiiona aomcatiliiaa da OuDtua ia Nun Imlel " 

asflli, r- 57. 
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nan says tbat it is one of the earliest and best of English mnsb- 
rooma, and others have endorsed his opinions, and Dr. Badham 
in writing of it observes, that small baskets of them, when they 
first appear in the spring in Italy, are sent as " presents to 
lawyers and fees to medical men." 

The closely allied species, Agaricus albellus* D.C., has also 
the reputation of being edible, but it is so rare in England that 
this quality cannot be put to the test. The curious short-stemmed 
Agaricus hrevipes, Bull,t has a similar reputation. 

Two singularly fragrant species are also included amongst the 
esculent. These are Agaricus fragrans^ Sow., and Agaricus 
odorus, Bull. Both have a sweet anise-like odour, which is per- 
sistent for a long time. The former is pale tawny-coloured, nearly 
white, the latter of a dirty pale green. Both are white-spored, 
and although somewhat local, sufficient specimens of Ag. odorus 
may be collected in the autumn for domestic use. We have the 
assurance of one who has often proved them that they constitute 
an exquisite dish. 

A clear ivory-white fungus, Agaricus dealhatus, of which a 
crisped variety is occasionally found in great numbers, springing 
up on old mushroom beds in dense clusters, is very good eating, 
but rather deficient in the delicate aroma of some other species. 
The typical form is not uncommon on the ground in fir planta- 
tions. A more robust and larger species, Agaricus geotrupes, 
Bull, found on the borders of woods, often forming rings, both 
in this country and in the United States, as well as on the conti- 
nent of Europe, is recognized as esculent. 

We may add to these three or four other species, in which the 
stem is lateral, and sometimes nearly obsolete. The largest and 
most common is the oyster mushroom (^Agaricus ostreaius, 
Jaeq. J), so universally eaten, that it is included in almost every 
list and book on edible fungi ; it is the most common species in 

* Sowerby, "English Fungi," pi. 122; Smith, ia **Seemann*s Joorn. Bot." 
(1866), t. 46, f. 45. 

t Klotscb, "Flora Borussica," t. 374; Smith, in "Seem. J"onrn. Bot." 
(1869), t. 95, f. 1-4. 

Z BjTombhol*, ** Abbildungen der Schwamme," pi. 41, f. 1-7. 



Transylvania, tons of it HomctimeB appearing in the mnrkets. It 
does not poeseaa tbat delicate flavour which is found in. many 
species, and although estolled by some beyond its merits, it is 
nevertheless perfectly wholesome, and, when young and care- 
fully cooked, not to be despised. It must not be confounded 
with a very similar species (^Agarieui euosmus, B.), with rosy 
spores, which is unpleasant, Ajaricui tetiellatus. Bull, Agaricas 
pomeli, Fr., Afjarieug glandulom», Ball, are all allies of the fore- 
going, and recorded ng edible in the United States, although not 
one of the three has hitherto been recorded as occurring in Great 
Britain. To these may also be added the following: — Agaricus 
talig»Ui,* Fr., which is rare in England, but not uncommon 
abroad and in the United States. In Austria it is commonly 
eaten. Agaricui uhnarius,i Bull, ia common on elm trunks, not 
only in Britain but also in North America, and is by some 
preferred to the oyster mushroom. An allied species, Agaricua 
foiKulatui, Cooke,J ia found on the Cabul Hills, where it is col- 
lected, dried, and forma an article of commerce with the plains. 
Another, bat smaller species, ia dried in the air on strings passed 
throngh a bole in the short stem {^Agarieits subocrealua, Cooke), 
and sent, it ia believed, from China to Singapoi'o. 

The smallest species with which we have any acquaintance, 
tbat ia edible, is the " nail fungus" (^Agaricus esc«7en/iw,§ Jacq.), 
scarcely exceeding one inch in diameter of the pileus, with a 
thin rooting stem. The taste in British specimeus when raw is 
bitter and unpleasant, bnt it ia clearly eaten in Austria, as its 
name testifies, and elsewhere in Europe. It is found in fir plan- 
fAtions in the spring, at which season it is collected from the fir 
woods around and sent to Vienna, where it is only used for 
flavouring sauces nnder the name of " Nagelschwamme." 

Before quitting the group of tme agarics, to which all 
hitherto enumerated belong, wo must mention a few others of 
less importance, but which arc inclnded amongst those good for 

• Trutiiiuick, L., " Fnngi Austriuci," p. *7, pi. 4, f. 8, 

+ Vittadini, "PangiMangtorecri," pi. 23. 

J Cooke, in "Joarnal of Botany," toI. viii. p. 352. 

i CookB, M. C, "A Plain aod Knsj GniJe," kc, ji. 38, pi. 6, fig, 1. 
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food. Foremost of these is a really splendid orange species 
(^Agaricus ccesarius^ Scop.*), which belongs to the same subgenns 
as the very deleterious fly-agaric, and the scarcely less fatal 
Agaricus vernus. Bull. It is universally eaten on the continent, 
but has hitherto never been found in Great Brit-ain. In the 
same subgenus, Agaricus 8tr6hiliformis,\ Fr., which is rare in this 
country, and probably also Agaricus Cecilice, B. & Br. J Besides 
these, Agaricus excoriatus, Schseff., Agaricus mastoideus^ Fr., 
Agaricus gracilentus, Kromb., and Agaricus holosericeus, Fr.,§ 
all belonging to the same subgenus as the parasol mushroom, 
more or less uncommon in England. 

Although the larger number of esculent agarics are white- 
sporcd, some few, worthy of note, will be found in the other 
sections, and notably amongst these the common mushroom and 
its congener the meadow, or horse mushroom. In addition to 
those already enumerated, might be included also the Agaricus 
pudicuSy Bull, which is certainly wholesome, as well as its ally, 
Agaricus leochromus, Cooke, || both of which have rusty spores. 

The late Dr. Curtis,^ in a letter to the Rev. M. J. Berkeley, 
enumerates several of the fungi which are edible amongst those 
found in the United States. Of these, he says, Agaricus amyg- 
dalinus, Curt., can scarcely be distinguished when cooked from 
the common mushroom. Agaricus frumentaceus, Bull, and three 
allied new species, peculiar to the United States, are commended. 
Agaricus cesspit osus. Curt., he says, is found in enormous quanti- 
ties, a single cluster containing from fifty to one hundred stems, 
and might well be deemed a valuable species in times of scarcity. 
It would not be highly esteemed where other and better species 
can be had, but it is generally preferred to Agaricus melleus, Fr. 
It is suitable for drying for winter use. In the same communi- 
cation, he observes that the imperial (Agaricus ccesarius, Scop.), 

♦ Krombholz, **Schwamme," t. 8. Vittadini, "Mang." t. 1. 

f Vittadini, **Mangerecci,'* t. 9. 

t Berkeley, ** Outlines," pi. 3, fig. 5. 

§ Saunders and Smith, ** Mycological Illustr." pi. 23. 

I Cooke, M. C, " Handbook of British Fungi," voL i. pi. 1, fig. 2. 

ir ** Gardener's Chronicle" (1869), p. 1066. 
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f^rowa in great qnnntitiea in oak forests, and may be obtained 
by the cart-load io ite season ; but to bis taste, and tbat of bis 
family, it is the most nnpaJateble of faogi, nor could he find any 
of tho most passionate nijcopbagists who would avow tliat they 
liked it. There ia a disagreeable aaline flavour tliat they could 
not remove nor overlay. In addition to thcso, the same autho- 
rity enumevates Agaricu* rutsula, Schffiff., Agarieua Ji^popitlii/us, 
Cart., and Agarkus coiuoeiatug. Curt., the latter two being con- 
fined to the Unitai States ; Agarieua eolumbetla, Vr., found in 
Britain, bot not eaten, as well as Ag-ariew radieatug. Bull. Agari- 
eua homhi/cittia, SchfefF., and Agaricus epeeiosag, 'Fr., are found in 
Britain, but by no means common ; Ajaricus squarrosus, AIull., 
has always been regarded with great suspicion in this country, 
where it is by no means nncomrnon ; Jgiirkus crelaceus, Fr., and 
Agarieua si/haticus, Schseff,, are close allies of the common 
mushroom. 

Dr. Curtis says that hill and plain, mountain and valley, 
woods, fields, and pastures, swann with a profusion of good 
nntritioua fungi, which are allowed to decay wht^re they spring 
np, because people do not know how, or are afraid, to use them. 
By those of as who know their use, their valne was appreciated, 
as never befoi-e, during the late war, when other food, especially 
meat, was scarce and dear. Then such persons as I have beard 
express a preference for mushrooms over meat had generally no 
need to lack grateful food, as it was easily had for the gatbonug, 
and within easy distance of their homes if living in the country. 
Sncli was not always the case, however. I remember once, daring 
the gloomy period when there had been a protracted drouglit, 
and fleshy fungi were to be found only in damp shaded woods, 
and bat few even there, I was nnatle to find enough of any one 
species for a meal, so, gathering of every kind, I brought home 
thirteen different kinds, had them all cooked together in one 
grand pol poarri, and made an excellent supper. 

One important use to which several Bpociea of fungi can be 
applied, is the manufacture of ketchup. For this purpose, not 
only is the mashroom, Agarieus eatnpeatris, and the horse mush- 
room, Agaricus arvensU, available, but also Agaricui ruhescetii 
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ia declared to be oxcollcat for the purpose, and a deUaons, bai 
pale, extract is to be obtained from Maragmius oreader. Other 
species, as Oopviniu eomafug, and Copriant atramentaritu, are 
also available, together with FitluUna hepatiea, aad Morchella 
Mculenfa. In some districts, ivhcD mnshrooms are scarce, it is 
stated that almost any species tliat will yield a dark juice ia 
vrithoDt scruple mixed ivith the common mashroom, ajid it 
should seem withont any bad tjouseqneace except the deteriora- 
tion of the ketchup.* There is an extensive inannracture of 
kctcbop condocted at Labbenham, near Market Harborough, 
but the great difficulty appears to be the prevention of decom- 
position. Messrs. Perkins receive tons of mushrooms from 
every part of the kingdom, and they find, even in the same 
specicx, an immense difference in the quality and qoantity of 
the produce. The price of mnshrooms varies greatly with the 
season, ranging between one penny and sixpence per pound. 
Messrs. Perkins are very careful in their selection, bat little 
discrimination is used by country manufacturers on a small 
scale, who use sach doubtful species as Agariciit laerymahundut, 
with Agaricu$ tpadiceut, and a host of allied species, which they 
characterize as nonpareils and champignons. In the eastern 
counties Agaricut arventU baa the preference for ketchup. 

The generic distinctions between the genuine Agarics and 
some of the allied genera can hardly be appreciated by the non- 
botanical reader, but wo have nevertheless preferred gi-ouping , 
the edible species together iu a somewhat botanic^ order; and, 
pursuing this plan, the next species will be those of Coprinti*, 
in which the gills are dcliquesccut after the plant has arrived 
at maturity. The mancd mHshrootn {^Coprinus coinalat, Fr.}t 
is the best of edible species in this group. It is very common 
bore by roadsides and other places, and whilst still young and 
cylindrical, and the gills still whitish or with a roseate tint, it 
is highly to be commended. Similar, but perhaps somewhat 
inferior, is Coprinus alramentariui, Fr.,J equaUy common about 

■ Berkeley, " Outlines oC British FnngoloBj," p. 64. 
f Cooke, "Ensf Qaide to Britisb Fungi," pL 11. 
t Ibid., pi. 12. 



old stamps and on tlio nated soil. Both species are i 
and enien in the United States. 

lu Cortinariiis, the yell is composed of arachnoid threads, and 
the spores &va rasfcy. The number of edible species ai's few. 
Foremost is the really liandsomo Carlinariiis violaeitx, Fi'.,* often 
nearly four inches in diameter, and of a, benntiful violet colonr; 
and the anialler Cortinciriua castcinvvs, Fr.if scarcely escceding an 
inch in dinnieter, both being found in woods, and common alike 
to Brilaiii and the United States. CoHinariug einnamomeua, Fr., 
is also a lovei' of woods, and in northern latitudes 13 found in- 
habiting tliem everywhere. It has a cinnamon- eol oared pile as, 
with jellowisb flesh, and its odour and flavour is said to partake 
of the same epiee. la Germany it is held in high esteem, Cor- 
tinariut emodensU, B,, is eaten in Northei'D India. 

The small genus Lejiitta of Smith (which, however, is not 
adopted by Fries in hia new edition of tlie " Epicrisia ") inclndes 
oue escnlent species in ip^i«i(i^cr«DMn/-fl', the jii/ffr c s perso a/us 
of Fries.J It is by no means uncommon in Nortl ern L ope 
or Americn, frequently growing in largo rings tlo pit s 11 
pallid, and the stem stained with lilac. Formerly it T\as sj d 
to be sold in Coven tGardoa Market nnder the name of bl vit 
l>nt we have failed to see or hear of it daiing many jeait. in 
London. 

Small fungi of ivory-white uossi are very common amongst 
gi'ass ou lawns in antnnin. These are chiefly Hi/fffopJiorut 
virifineus, Fr.,§ and although not much exceeding an inch in 
diflineter, with a short stem, and wide decurrent gills, they are 
so plentiful in seasoa that quantity soon compensates for tlw 
small fVAQ, Except that it is oeeasioually eatca in France, it 
does not enjoy much reputation abroad. A larger species, vary- 
ing from bull' to orange, Ifi/i}ro2>liorus pratensis, Fr.,|| is scarcely 
loss common in open pastures. This is very gregnriond in habit, 

" Hinscj, " Stjcol. Illupt." pi. 13. 

t Bullianl, "Cbnmp." t. 208. 

J Cooko, "EsByCuiJe," pL 4, IJg. 1; Ilusjtuy, " Illust." vol. ii. pL 10. 

g Greville, " Soot. Crjiit. Flora," t. l(i«. 

1 IbU., t Bl. 
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often growing in tufts, or portions of rings. The pilens is fleshy 
in the centre, and the gills thick and decurrent. In France, 
Germany, Bohemia, and Denmark, it is included with esculent 
species. In addition may be mentioned Hygrophorus ehurneu9, 
Fr., another white species, as also Hygrophorus niveus, Fr., which 
grows in mossy pastures. Paxillus involutus, Fr.,* though very 
common in Europe, is not eaten, yet it is included by Dr. Curtis 
with the esculent species of the United States. 

The nailky agarics, belonging to the genus Lactarius, are dis- 
tinguished by the milky juice which is exuded when they are 
wounded. The spores are more or less globose, and rough or 
echinulate, at least in many species. The most notable esculent 
is Lactarius deliciosus, Fr.,+ in which the milk is at first safiron- 
red, and afterwards greenish, the plant assuming a lurid greenish 
hue wherever bruised or broken. Universal commendation seems 
to fall upon this species, writers vying with each other to say 
the best in its praise, and mycophagists everywhere endorsing 
the assumption of its name, declaring it to be delicious. It is 
found in the markets of Paris, Berlin, Prague, and Vienna, as 
we are informed, and in Sweden, Denmark, Switzerland, Russia, 
Belgium ; in fact, in nearly all countries in Europe it is esteemed. 

Another esculent species, Lactarius volemum, Fr.,J has white 
milk, which is mild to the taste, whilst in deleterious species 
with white milk it is pungent and acrid. This species has been 
celebrated from early times, and is said to resemble lamb's 
kidney. 

Lactarius piperatuSj Fr.,is classed in England with dangerous, 
sometimes poisonous species, whereas the late Dr. Curtis, of 
North .Carolina, has distinctly informed us that it is cooked and 
eaten in the United States, and that he has partaken of it. He 
includes Lactarius insulsus, Fr., and Lactarius subdulcis, Fr.,§ 
amongst esculent species ; both are also found in this country, 

♦ Sowerby, ** Fungi," pi. 66 ; Schseffer, "Icones Bav." t. 72. 
t Trattinnick, L., "Die Essbaren Schwamme" (1809), p. 82, pi. M; Barla, 
J. B., "Champignons de la Nice" (1859), p. 34, pi. 19. 
I Smith, "Edible Mushrooms," fig. 26. 
§ Barla, "Champ. Nice,*' t. 20, f. 4-10. 
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bat not reputed as edible ; and Lactariit* anguiiUiimus, Lasch, 
wliich 18 not British. Species of Laetarius seem to be eaten 
almost indiscriminately in Russia mlien. preserved in vinegar and 
salt, in winch condition tliey form an important item in the 
kinds of food allowed in tlieir long fasts, some Bolcti in the 
dried state entering into the same category. 

The species of SiitsuJa in many respects resemble Laafarii 
without milk. Some of them are dangerous, and otliera escu- 
lent. Amongst the latter may be ennmerated Sussula lieterophijlla, 
Fr., which ia very common in woods. Vittadini pronounces it 
nnanrpassed for fineness of flavour by even the notable Amanita 
ctsiarea.* Boques jiives also an account in its favour as con- 
sauied in France. Both these authors give favourable accounts 
of Sutvila viresceiis, P.,t which the peasants about Milan are 
in the habit of putting over wood embers to toast, and eating 
afterwards with a little salt. Unfortunately it is by no means 
common in England. A third species of Eussula, with buff- 
yellow gillH, is Itmstila alniacea, Fr., which is by no means to 
be despised, notwithstanding that Dr. Badham has placed it 
aiaongst species to be avoided. Three or four others have also 
the merit of being barniltaa, and these recorded as escalent by 
some one or more mycological anthoi's : Suggala Itiefea, Fr., a 
white species, found also in the Uniitcd States ; Sutsula lepida, 
Fr., a roseate species, fonnd also in lower Carolina, U.S. ; and 
another reddish species, Runsula vesea, Fr., as well as Suasula 
dt'eolnrant, Fr. Whilst writing of this genus, we may observe, 
by way of caution, that it includes also one veiy noxious red 
Bpeeies, Sustula emetica, Fr., with white gills, with which some 
of the foregoing might be confoun-dod by inesperienced persons. 

The chantarellc Cuiitliarellus cibari-as, Fr., has a most charm- 
ing and enticing appearance and odour. In colour, it is of a 
bright golden yellow, and its smell baa been compared to that of 
ripe apricots. It ia almost nnivei-sally eaten in all eoantriea 

• Tiltodini, C, "Fuiiglij Mingarewii" (1835), p. 20!l ; Barla, "Champ. 

+ Vitlmliiii, C, " Fiinjjiu MangBi-eix-i,"p. 245 ; Roquea, "Champ. Comeat." 



94 ' FUNGI. 

where it is fontid, England excepted, where it is only to be 
met with at the " Freemason's Tavern " on state occasions, and 
at the tables of pertinacious mycophagists.* Trattinnick says : 
" Not only this same fungus never did any one harm, but might 
even restore the dead.'* t 

The fairy-ring champignon Mdrasmius oreades, Fr., though 
small, is plentiful, and one of the most delicious of edible fungi. 
It grows in exposed pastures, forming rings, or parts of rings. 
This champignon possesses the advantage of drying readily, 
and preserving its aroma for a long time. We have often 
regretted that no persistent attempts and experiments have 
been made with the view of cultivating this excellent and usefol 
species. Marasmius scorodontus, Fr.,J a small, strong-scented, 
and in all respects inferior species, found on heaths and dry 
pastures, extending even to the United States, is consumed in 
Germany, Austria, and other continental countries, where, per- 
haps its garlic odour has been one of its recommendations as 
an ingredient in sauces. In this enumeration we have not ex- 
hausted all the gill-bearing species which might be eaten, having 
included only those which have some reputation as esculents, 
and of these more particularly those found in Great Britain and 
the United States. 

Amongst the JPolypqrei, in which the gill plates are represented 
by pores or tubes, fewer esculent species are to be met with than 
in the Aqaricini, and the majority of these belong to the genus 
Boletus, Whilst in Vienna and Hanover, we were rather 
surprised to find Boletus edulis, Fr., cut into thin slices and 
dried, exposed for sale in almost every shop where meal, peas, 
and other farinaceous edibles were sold. This species is com- 
mon enough in England, but as a rule it does not seem to please 
the English palate, whereas on the continent no fungus is more 
commonly eaten. This is believed to be the suillus eat-en by 
the ancient Romans, § who obtained it from Bithynia. The 

• Badham, Dr , " Esculent Funguses of Britain,** 2nd ed. p. 110 ; Hussey, 
**Illust. Brit. Mycol." 1st ser. pi. 4 ; Barla, "Champ.** pi. 28, f. 7-16. 
t Trattinnick, L., "Essbaren Schwamme,** p. 98. 
X Lenz, ** Die Niitzlishen und Schadlichen Schwamme,** p. 49, 
§ Badham, " Esculent Funguses of Great Britain," 2 ed. p. 91. 
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Krombholz says that Boletiti hooinua, Fr., a gregarious species, 
fonnd on heaths and in fir woods, ia much sought after abroad 
as a dish, and is good when dried, Soletus casloneus, Fr.,J ia 
a small species with a mild, pleasant taste when raw, and veiy 
good when properly cooked. It is not uncommonly eaten on 
the continent. Boletus ehri/senteron, I'r,,§ and Bole fii/i sublomen- 
fotu», Fr., are said to bo veiy poor eating, and some authors 
liave considered them injurious ; but Mr. W. G, Smith states 
that he has on more than one occasion eaten the former, and 
Trattinnick states that the latter is eaten in Germany. The late 
Mr. Suiter iuformed us that, when employed on the geological 
staff, he at oue time lived almost cntii-ely on different species of 
Boleti, witbottt using much discrimination. Sir W. C. Trevelyan 
also informs ua that he has eaten Boletui lurdivs without any 
nnpleasant consequences, bat we confess that we should be sorry 
to repeat the experiment. Dr. Badham remarks that he has 
eaten Botetius OreoiUei, B., -Botous j7atii«. With., and Bolettit 
p-anulalas, L., the latter being recognized also as edible abroad. 
Dr. Curtis experimented, in the Dmt«d States, on Boletus col- 
linitua, and although he professes not to be particularly fond of 
tfae Boleti, he recognizes it a,s esculent, and adds that it had been 
pronounced delicious by some to whom he had sent it. He also 
enamerates as edible Boletus lateua, Fr., Boletus elejans, Fr., 
Boletus JlaviduB, Fr., Boletus versipelUs, Fr., Boletus leucomelas, 
Tr,, and Boletus ovinus, Sch. Two Italian species of Polyporus 
must not be forgotten. These are Folyporus tuberasler, Pors., 



t. 170, 



■' lllnatr." ii. t. 17 ; Eaiks " Chsmp. 
"IllUBlr." i. t. 5 ; KronibhoJ*, '■ Scliwi 



96 FUNGI. 

which is procured bj watering the pietra fanghaia^ or fangns 
stone, a kind of tnfa, in which the mycelium is embedded. It 
is confined to Naples. The other species is PolyporHfS cori/Unus, 
Mauri., procured artificially in Rome from charred stumps of the 
cob-nut tree.* 

Of true PolyporuSy only two or three species have been 
regarded favourably as esculents. These are — JBolyporiis inty- 
baceus, Fr., which is of very large size, sometimes attaining as 
much as forty pounds ; Poly poms yiyanieus, Fr., also very large, 
and leathery when old. Both these species are natives of 
Britain. Only young and juicy specimens must be selected for 
cooking. jPolyporus umbellatus, Fr., is stated by Fries to be 
esculent, but it is not found in Britain. Polyporus squamostis, 
Fr., has been also included ; but Mrs. Hussey thinks that one 
might as well think of eating saddle-flaps. None of these 
receive very much commendation. Dr. Curtis enumerates, 
amongst North American species, the Polyporus cristattis, Fr., 
Polyporus poripes, Fr., which, when raw, tastes like the best 
chestnuts or filberts, but is rather too dry when cooked. 
Polyporus Perkeleii, Fr., is intensely pungent when raw, but 
when young, and before the pores are visible, it may be eaten 
with impunity, all its pungency being dissipated by cooking. 
Polyporus conjluens, Fr., he considers superior, and, in fact, 
quite a favourite, Polyporus sulfureus^ Fr., which is not eaten in 
Europe, he considers just tolerably safe, but not to be coveted. 
It is by no means to be recommended to persons with weak 
stomachs. In his catalogue. Dr. Curtis enumerates one hundred 
and eleven species of edible fungi found in Carolina.f 

With Fistulina hepatica, Fr., it is different; for here we 
encounter a fleshy, juicy fungus, resembling beefsteak a little in 
appearance, and so much more in its uses, that the name of 
" beefsteak fungus" has been given to it. Some authors are 
rapturous in their praise of Fistulina. It sometimes attains a 
very large size. Dr. Badham quoting J one found by himself 

* Badham's "Esculent FuDguses," let ed. pp. 116 and 120. 

+ Catalogue of Plants of Carolina, U.S. 

J Badham, Dr., ** Esculent Funguses," 2nd ed. p. 128; Ilussey, "lUustra- 



nearly five fuet in oircamferDnce, and weighing' eight pounds; 
whilst another fonnd by Mr. GraTes weighed nearly thirty 
potmdfi, In Yienna it is sliced and eaten, with salad, like beet- 
root, which it tlien much resembles. On the continent it is 
everywhere included amongst the best of edible speciea. 

The Si/dnci, instead of pores or tnbeg, are characterized by 
spines or warts, over which the fructifying anrface is expanded. 
The most common is Sijdnvm repandma, Pr., found in woods 
and woody places in England, and on the continent, extending 
into the United States. When raw, it is peppery to the taste, 
bat when cooked is much esteemed, Fi'om its drier nature, it 
can readily bo dried for winter use. Less common in England 
is Hydnum mbricalufii, Fr., allbongh not so nncommon on the 
continent. It is eaten in Germany, Austria, Switzerland, 
France, and elsewhere. Sydnum IcBvigatum, Swartz, is eaten in 
Alpine districts.* Of the branched species, Hydnum coralloides, 
Scop,,t and JIgilnum Caput Medjtsie, Bull, J are esculent, but very 
rave in England. The latter ia not uncommon in Austria and 
Italy, the former in Germany, Switzerland, and France. Jlt/diium 
Brinaceum, Bull, ia eaten in Germany § and France. 

The Clavarioid fungi are mostly amalj, but of these the ma- 
jority of the white-spored are edible. Clavaria rugosa. Bull, ia a 
common British species, as alsc> is Olavaria eoralloides, L., the 
former being found also in the United States, Clavaria fatti- 
giata, D, C, ia not uncommon ; but Clavaria amefhyatma. Bull, a 
beautiful violet apecies, is rare. In France and Italy, Clavaria 
einerea. Bull, is classed with esculents ; and it is not nncommon 
in Britain. ClavaTia lotrylis, P., and Clavaria aurea, SctisiF., 
are largo and beautiful species, but rare with us; they extend 
also into the United States. Others might be named (Dr. 
Curtis enumerates thirteen species eaten in Carolina), which are 

Uooa," l8t BEF. pi, 65; Bdrkeley, in " Qard. Chraa." <1SS1), p. 121; Bull, In 
"TnuiB. Woolbopo Club" (1869). 

• Baria, ■' Champ. Nice," p. 7B, pL 38, t 6, (1. 

t Boqoes, I. c. p. 48. 

} Leni, p, 03 ; Ro<|uus, 1. e. p. 47, pi. S, fig. E. 

i Lenl, 11. U., " Die MilUlicben und SobUIicbea Scliwauime," p. P3. 
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cei*tainlj -wholesome, bat they are of little importance as edible 
species. Spara$9is crispa, Fr., is, on the contrary, very large, 
resembling in size,* and somewhat in appearance, a cauliflower ; 
it has of late years been fonnd several times in this country. 
In Austria it is fricasseed with butter and herbs. 

Of the true TremellaB, none merit insertion here. The curious 
Jew's ear (Hirneola auricuIa-Judte, Fr.), with one or two other 
species of Hirneola, are collected in great quantities in Tahiti, 
and shipped in a dried state to China, where they are used for 
soup. Some of these find their way to Singapore. 

The false truffles {Hypogcei) are of doubtful value, one species 
{Melanogaster vanegatus^ Tul.) having formerly been sold in the 
markets of Bath as a substitute for the genuine truffle.f Neither 
amongst the JPhalloidei do we meet with species of any economic 
value. The gelatinous volva of a species of Ileodictyon is eaten 
by the New Zealanders, to whom it is known as thunder dirt ; 
whilst that of Phallus Mokusin is applied to a like purpose in 
China ; J but these examples would not lead us to recommend a 
similar use for JPhalltis impudicus, Fr., in Britain, or induce us 
to prove the assertion of a Scotch friend that the porous stem is 
very good eating. 

One species of puff-ball, Lycoperdon giganteum, Fr.,§ has 
many staunch advocates, and whilst young and cream-like, it is, 
when well manipulated, an excellent addition to the breakfast* 
table. A decided advantage is possessed by this species, since 
one specimen is often found large enough to satisfy the appetites 
of ten or twelve persons. Other species of Lycoperdon have 
been eaten when young, and we have been assured by those 
who have made the experiment, that they are scarcely inferior 
to their larger congener. S ovist a n'tgrescens, Fr., and JBovista 
plumhea, Fr., are also eaten in the United States. More than 
one species of Lycoperdon and Bovista appear in the bazaars of 
India, as at Secunderabad and Rangoon ; while the white ant- 

* Berkeley, M. J., in "Intellectual ObseiTer," No. 25, pi. 1. 
t Berkeley, M. J., "Outlines of British Fungology," p. 293. 
X Berkeley, M. J., "Introduction to Crypt. Bot." p. 347. 
§ Cooke, M. C, "A Plain and Easy Guide," &c., p. 96. 



liillB, together vrith an excellent Agaric, produce one or raore 
species of Podaxon which are eHculent when young. A species 
of Soleroderma which grows ahiiindantly in sandy districts, is 
substituted for trnfflea in Perigoi-d pies, of which, however, it 
does not possess any of the aroma. 

over the rest of the Bporiferoua fungi, we find 
B AKComyeetoui group several that are highly eeteetned. 
Amongst these may first be named the species of morel, which 
nre regarded as delicacies wherever they ure found. Moreieila 
esculenta, Pcrs., is the most common species, but we have also 




Morekella mmilibera, D. C, and the much larger Morehella 
croMtpn, Pera. Probably all the s]icciea of Morekella are 
esculent, and wo know that many besides the above are eaten 
in Europe and other places ; Morehella Jelieiosa, Fr., in Java ; 
Morekella ioliemica, Kromb., in Bohemia ; Morehella gii/aspora, 
Cooke, and Morekella delieiosa, 5'r., in Kanhmere.* Morehella 
rimotipea, D. C, occurs in France and Bohemia; Morekella 
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Caroliniana, Bosc, in the Southern United States of America. 
W. G. Smith i*ecords the occurrence in Britain of specimens of 
Morchella crassipes, P., ten inches in height, and one specimen 
was eleven inches high, with a diameter of seven and a half 
inches.* 

Similar in uses, thoagh differing in appearance, are the species 
of Selvella, of which several are edible. In both these genera, 
the individuals can be dried so readily that they are the more 
valuable on that account, as they can be used for flavouring in 
winter when fresh specimens of any kind of fungus are diffi- 
cult to procure. The most common English species is Sel- 
vella crispa, Fr., but Selvella lacunosa, Fr., is declared to be 
equally good, though not so large and somewhat rare. Selvella 
infula, Fr., is also a large species, but is not British, although it 
extends to North America, as also does Selvella sulcata, Afz. 
Intermediate between the morel and Selvella is the species 
which was formerly included with the latter, but now known as 
Ch/romitra esculenta, Fr.f It is rarely found in Great Britain, 
but is more common on the continent, where it is held in esteem. 
A curious stipitate fungus, with a pileus like a hood, called 
Verpa digitaliformvi, Pers.,J is uncommon in England, but 
Vittadini states that it is sold in the Italian markets, although 
only to be recommended when no other esculent fungus offers, 
which is sometimes the case in spring. § 

Two or three species of Feziza have the reputation of being 
esculent, but they are of very little value ; one of these is Peziza 
acetabulum, L., another is Teziza cochleata, Huds., and a third 
is Peziza venosa, Pers. || The latter has the most decided nitrous 
odour, and also fungoid flavour, whilst the former seem to have 
but little to recommend them ; we have seen whole baskets full 
of Peziza cochleata gathered in Northamptonshire as a substitute 
for morels. 

A very interesting genus of edible fungi, growing on ever- 

* Smith, "Journ. Bot." vol. ix. p. 214. 

t Cooke, " Handbook,'* fig. 322. 

X Cooke, " Handbook," fig. 324. 

§ Vittadini, C, "Funghi Mangerecci," p. 117. 

II Greville, "Sc. Ciypt. Fl." pi. 156. 




green brccli trees in. South America, has been named Cr/flaria. 
One of these, C^ttaria Danvinii. B., orcuvs in Terra, delFuego, 
where it was found by Mr. C. Dat-win* growing in vast numbers, 
and forming a very essential article of food for the natives. 
Another is Cgttaria Berleroi, B , also seen by Mr, Darwin in 
Cliili, and eaten occaaiooally, but apparently not so good aa 
the preceding.t Alio tlier species is Oi/ttaria Gunnii, B., which 
abounds in Tasmania, and is held in repute a,mongst the settlers 

Fio. «.— PyffoHn nvnini, u. 

It roraains for us only to note the Bubterranean fungi, of which 
the trafiSe is the type, to complete our enumeration of esculent 
species. The truffle which is consumed in England is Tuber 
aativum, Vitt. ; but in Fmnce tho more higlily-flavoured Tiiher 
fnelanospermum, Vitt.,§ and also Tuber viagnatum, Pico, with 
some other species. In Italy they are very common, whilst 
some are fonnd in Algeria. One species at least is recorded in 
the North-west of India, but in Korthern Enrope and North 
America they appear to be rare, and Terfezia Leonis is used aa 
an esculent in Damascus. A large species of Mi/li/lo, sometimes 
several inches in diameter, occurs plentifully in some parla of 
Australia. Although often incladed with fungi, the curious 
prodaction known under the name of Pac/ii/ma eoco», Fr., is not 

* Berkeley, in " Liim. TranB." six. p. 37; Oookc, in " Teclinologiat " (1BB4), 
p. 3BT. 

+ Borkeley, M. J., in " linn. Trana." jux. p. 37, 

J BerkelBJ, M. J., in "Hooker, Flora Anlnrctioa," p. 147; m "Dooker's 
Jo»rii. Bot," (1818), 676, t. 20, 21. 

I TitUdini, C, " Manogiaiihiik Tuberocearuui (1S31), pp, 30, Ac. 
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a fungus, as proved by the examinations made by the Rev. M. J. 
Berkeley. It is eaten under the name of " Tuckahoe " in the 
United States, and as it consists almost entirely of pectic acid, 
it is sometimes used in the manufacture of jelly. 

In the Neilgherries (S. India), a substance is occasionally 
found which is allied to the native bread of southern latitudes. 
It is found at an elevation of 5,000 feet. The natives call it 
" a little man's bread," in allusion to the tradition that the Neil- 
gherries were once peopled by a race of dwarfs.* At first it was 
supposed that these were the bulbs of some orchid, but later 
another view was held of their character. Mr. Scott, who 
examined the specimens sent down to him, remarks that, instead 
of being the product of orchids, it is that of an underground 
fungus of the genus Mylitta. It indeed seems, he says, very 
closely allied to, if really distinct from, the so-called native 
bread of Tasmania. t 

Of the fungi employed in medicine, the first place must be 
assigned to ergot, which is the sclerotioid condition of a species 
of Claviceps. It occurs not only on rye but on wheat, and many 
of the wild grasses. On account of its active principle, this 
fungus still holds its place in the Materia Medica. Others which 
formerly had a reputation are now discarded, as, for instance, the 
sipccio^.of ^lapkomt/ces ; and Poli/porus officinalis, Fr., which has 
been partly superseded as a styptic by other substances, was 
formerly employed as a purgative. The ripe spongy capillitium 
of the great puff-ball Lycoperdon giganteum, Fr., has been used 
for similar purposes, and also recommended as an anodyne ; 
indeed formidable surgical operations have been performed under 
its influence, and it is frequently used as a narcotic in the 
taking of honey. Langsdorf gives a curious account of its 
employment as a narcotic ; and in a recent work on Kamts- 
chatka it is said to obtain a very high price in that country. 
Dr. Porter Smith writes of its employment medicinally by the 
Chinese, but from his own specimens it is clearly a species of 
Folgsaccuniy which he has mistaken for Lycoperdon* In China 

• "Proceedings Agri. Hort. Soc. India'* (Dec. 1871), p. Ixxix. 
f Ihid. (June, 1872), p. xxiiL 



1 species are supposed to posaess great virtue, notably the 
Jbrrulia sinensis, Tal,,* wliic!i is developed on dead caterjiillarH ; 
as it is, ItowQver, recommendeil to administer it as a stuffing to 
roast dnck, wo may be sceptical as to its own sanitary qnalitiea, 
Geaster hygfomelrimt, Fr., we have also deteeted amongut 
Chinese drugs, as also a. species of Folysaccum, and the small 
bard Mi/Ulla lapideseeas, Horn. In India, a large but imper- 
fect fcngua, named provisionally Sdcroliiim sli'iii/utum, Curr., 
found itt nests of the white antj is supposed to possess great 
medicinal virtnes.f A species of Folnporm (P. anthelmintlcus, 
B,), which grows at the root of old bamboos, is employed in 
Burmah as an anthelmintic. { In former times the Jew's oar 
(_JIirneola auricula Judis, Fr.) was supposed to possess great 
virtues, whicb are now discredited. Yeaab is still included 
amongst pharmaceutical sabstances, but could doubtless be very 
well dispensed with. Truffles are no longer regarded as aphro- 
disiacs. 

For other uses, we can only allude to amadou, or German 
tinder, which is prepared in Northern Europe from JPolyporus 
fommitarius, Fr., cat in slices, dried, and beaten nntil it is soft. 
This substance, besides being used as tinder, is made into warm 
caps, chest protectors, and other articles. This sam.e, or an 
allied species of Po?jpo!iis, probably P. igniwius, Fr,, is dried 
and poundod as an ingredient in snuS" by the Ostyacks on 
the Obi. In Bolicmia some of the large Polyporei, snch as 
P. igniarius and P. fomentarius, have the pores and part of the 
inner Gubstanco removed, and then the pileus is fastened in an 
inverted position to tho wall, by the part where originally it 
adhered to the wood. The cavity is then filled with mould, 
and the fungas ia used, with good effect, instead of flower-pots, 
for the cultivation of such creeping plants as require but little 
moisture. § 

The barren mycelioid condition of Penicillium cruslaccitin, 

' IJndlaj, " Vegot^ible Kingdom," fig. ixi». 
t Cotrey, F., in " Linn. Tmna." toL xxiiL p. B3. 
X " Fbanaiifa[Keia of India.," p. SS3. 
I "Qatil. Cliron." (1862), p. 21. 
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Fr., IS employed in country districts for the domestic mana- 
factnre of vinegar from saccharine liquor, nnder the name of 
the " vinegar plant." It is stated that Folysaccum crassipes, 
D. C.,* is employed in the South of Europe to produce a yellow 
dye ; whilst recently Polyporus sulfureuSy Fr., has been recom- 
mended for a similar purpose. Agaricus muscarivs, Fr., the fly- 
agaric, known to be an active poison, is used in decoction in 
some parts of Europe for the destmctiou of flies and bngs. 
Probably Helotium ceruginosum^ Fr.,t deserves mention here, 
because it stains the wood on which it grows, by means of 
its diffuse mycelium, of a beautiful green tint, and the wood 
thus stained is employed for its colour in the manufacture of 
Tonbridge ware. 

This completes the list, certainly of the most important, of 
the fungi which are of any direct nse to humanity as food, medi- 
cine, or in the arts. As compared with lichens, the advantage 
is certainly in favour of fungi ; and even when compared with 
alg89, the balance appears in their favour. In fact, it may be 
questioned whether, after all, fungi do not present a larger pro- 
portion of really useful species than any other of the crypto- 
gams; and without any desire to disparage the elegance of 
ferns, the delicacy of mosses, the brilliancy of some algaD, or 
the interest which attaches to lichens, it may be claimed for 
fungi that in real utility (not nncombined with injuries as real) 
they stand at the head of the cryptogams, and in closest 
alliance with the flowering plants. 

♦ Barla, " Champ, de la Nice," p. 126, pi. 47, fig. 11. 
t Greville, "Scoti. Crypt. Flora," pi. 241. 



There are no phenomena associated with fungi that ore of 
greater interest than those which relate to Inrainosity. The 
fact thiit fungi under some conditions are Inminoua haa long 
be^'n known, since schoolboys in onr juvenile days were in the 
habit of secreting fragments of rotten wood penetrated by 
myccliuin, in order to exhibit their luminous properties in the 
dork, and thus astonish their niore ignorant or ineredulous fel- 
lows Rumphins noted its appearance in Amboyna, and Fries, 
in his Observations, gives the name of Thelephora phosphorea 
to a species of Corlidtim noiv known as Gorticium eieruleum, 
on acconut of its phosphorescence under certain conditions, 
The same species is the Auricularia pkoiphorea of Sowerby, 
but he makes no note of its phosphoiescence Luminosity in 
fnngi " boa been observed in various parts of the world, and 
where the species has been fully developed it has been generally 
a species of Agaricas which haa yielded the phenomenon,"* 
One of the best-known species is the Agaiuun olearius of the 
Sonth of Europe, which was examined by Tulasne with especial 
view to its luminosity .t In bis introductory remarks, he says 
that four species only of Agaricns that are luminous appear at 
present to be known. One of them, A. olearhte, D. C, is indi- 
genous to Central Europe; another, A. igiieua, Bumph., comes 
irom. Amboyna ; the third, A. noctilettcus, L^v., has been dis- 

M. J. Bfltkelej, " Introduction to Crjptognmis Butaiiy," p, 215. 
+ Tulasna, "8ar la PhosphorE9C«noe dsa Champignon a," in "Ann. Aen ScL 
Hit." (18i8), vol. ii. p. 338. 
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covered at Manilla by Guadicliaud, in 1836 ; the last, A, Oard- 
nerij Berk., is produced in the Brazilian province of Goyaz, npon 
dead leaves. As to the Dematium violaceum, Pers., the JEimantia 
Candida, Pers., cited once by Link, and the Thelephora ccerulea, 
D. C. {Corticium caruleum, Fr.), Tulasne is of opinion that their 
phosphorescent properties are still problematical; at least no 
recent observation confirms them. 

The phosphorescence of A, olearius, D. C, appears to have 
been first made known by De CandoUe, but it seems that he was 
in error in stating that these phosphorescent properties mani- 
fest themselves only at the time of its decomposition. Fries, 
describing the Cladosporium umbrinum, which lives upon the 
Agaric of the olive-tree, expressed the opinion that the Agaric 
only owes its phosphorescence to the presence of the mould. 
This, however, Tulasne denies, for he writes, " I have had the 
opportunity of observing that the Agaric of the olive is really 
phosphorescent of itself, and that it is not indebted to any 
foreign production for the light it emits." Like Delile, he 
considers that the fungus is only phosphorescent up to the time 
when it ceases to grow ; thus the light which it projects, one 
might say, is a manifestation of its vegetation. 

" It is an important fact," writes Tulasne, "which I can con- 
firm, and which it is important to insist upon, that the phos- 
phorescence is not exclusively confined to the hymenial surface. 
Numerous observations made by me prove that the whole of the 
substance of the fungus participates very frequently, if not 
always, in the faculty of shining in the dark. Among the first 
Agarics' which I examined, I found many, the stipe of which 
shed here and there a light as brilliant as the hymenium, and 
led me to think that it was due to the spores which had fallen 
on the surface of the stipe. Therefore, being in the dark, I 
scraped with my scalpel the luminous parts of the stipe, but it 
did not sensibly diminish their brightness; then I split the stipe, 
bruised it, divided it into small fragments, and I found that 
the whole of this mass, even in its deepest parts, enjoyed, in a 
similar degree to its superficies, the property of light. I found, 
besides, a phosphorescence quite as brilliant in all the cap, for, 
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having split it vertically in the form of plates, I found that the 
trama, when braised, threw out a light equal to that of their 
frnctiferous snrfaoea, and there ia really only the superior 
surface of the pilena, or its cuticle, which I have never seen 
luiatnous. 

*' Ab X have said, the Agaric of the olive-tvcc, wliich is itself 
very yellow, reflects a, strong brilliant light, and remains 
endowed with this remarkable faculty whilst it grows, or, al 
least, while it appears to preserve an active life, and remains 
fresh. The phoBphoreaconce is at first, and more ordinarily, re- 
cognizable at the Btirfaco of the hymeninm. I have seen a groat 
number of young fiingi which were very phosphorescent in the 
giUa, but not in any other part. In another case, and amongst 
more aged fungi, the hymenium of which had ceased to give 
light, the stipe, on tha contrary, threw out a brilliant glare. 
Habitually, the phosphorescence is distributed in an nuequal 
manner npon the stipe, and the same upon the gills. Although 
the stipe is laminous at its mrfaca, it is not always necessarily 
so in its interior substanco, if one bruises it, but this substance 
frequently becomes phosphorescent after contact with the air. 
Thus, I had irregularly split and slit a large stipe in its length, 
and I found the whole fleah obscure, whilst on the exterior were 
some luminous places. I roughly joined the lacerated parts, 
and the following evening, on observing them anew, I found 
them all flashing a bright light. At another time, I had with 
a scalpel split vertically many fungi in order to hasten their 
dessicatiou ; the evening of the same day, the surface of all these 
cata was phosphorescent, but in many of these pieces of fungi 
the luminosity was limited to tho cut surface which remained 
exposed to the air; the flesh beneath was unchanged. 

" I have seen a stipe opened and lacerated irregularly, the 
whole of the flesh of which remained phoBphoreacent during 
three oonsecutive evenings, but the brightness diminished in 
intensity from the exterior to the interior, bo that on tho third 
day it di.d not issue from the inner part of the stipe. The 
phosphorescence of the gills is ia no way modified at first by 
immersing the fungus in water; when they have been immersed 
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they are as bright as in the air, but the -fiingi which I left 
immersed until the next evening lost all their phosphorescence, 
and communicated to the water an already sensible yellow tint ; 
alcohol put upon the phosphorescent gills did not at once com- 
pletely obliterate the light, but visibly enfeebled it. As to the 
spores, which are white, I have found many times vejy dense 
coats of them thrown down on porcelain plates, but I have 
never seen them phosphorescent. 

" As to the observation made by Delile that the Agaric of the 
olive does not shine during the day when placed in total dark- 
ness, I think that it could not have been repeated. Erom what 
I have said of the phosphorescence of A, oleariuSj one naturally 
concludes that there does not exist any necessary relation 
between this phenomenon and the fructification of the fungus ; 
the luminous brightness of the hymenium shows, says Delilo, 
*the greater activity of the reproductive organs,' but it is 
not in consequence of its reproductive functions, which may 
be judged only as an accessory phenomenon, the cause of which 
is independent of, and more general than these functions, since 
all the parts of the fungus, its entire substance, throws forth 
at one time, or at successive times, light. From these experi- 
ments Tulasne infers that the same agents, oxygen, wat<3r, and 
warmth, are perfectly necessary to the production of phospho- 
rescence as much in living organized beings as in those which 
have ceased to live. In either case, the luminous phenomena 
accompany a chemical reaction which consists principally in 
a combination of the organized matter with the oxygen of the 
air; that is to say, in its combustion, and in the discharge 
of carbonic acid which thus shows itself.'* 

We have quoted at considerable length from these observa- 
tions of Tulasne on the Agaric of the olive, as they serve very 
much to illustrate similar manifestations in other species, which 
doubtless resemble each other in their main features. 

Mr. Gardner has graphically described his first acquaintance 
in Brazil with the phosphorescent species which now bears his 
name. It was encountered on a dark nif^ht of December, while 
passing through the streets of Villa de Natividate. Some boys 
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were amUBing theinselvea with some luroinoQH object, whicli at 
first ho supposed to be a kiDtl of large fire-fly, but on making 
iaqniry he found it to be a beautiful phoBpborescenfc Agaric, 
which he wns told grew abuDdantlj in the neighbourhood on 
the decaying fronds of a dwarf palm. The ■whole plant gives 
out at night a bright light somewliat eiiiiilar to that emitted 
by the larger fire-flies, hitving a pale greenish hue. From this 
circumstance, and from growing on a palm, it was called by the 
inhabitants "flor de coco."* 

The number of recognized phosjihorescent species o? Agaricus 
is not large, although two or three others may be enumerated 
in addition to those cited by Tnlasne. Of these, Ai/arieug 
latapas, and some others, are found in Ansti-alia.f In addition 
to the Agaricas nootileueus, discovered by Gaudiehaud, and the 
Agarieiu igneua of Rumphius, fonnd jo Amboyna, Dr. Hooker 
Bpeaks of the phenomenon as common in Sikkim, but he seems 
never to have been able to ascertain with what species it was 
associated. 

Dr. Culhbert Collingwood haa communicated some further 
Information, relative to the lumiuoxity of a species of Agaricua 
in Borneo (supposed to be A. Oardneri), in which he says, 
"The night being dark, the fungi could be very distinctly seen, 
though uot at any great distance, shining with a soft pale 
greenish light. Here and there spots of much moio intense 
light were visible, and these proved to be very young and 
minute specimens. The older specimens may more properly 
be described as possessing a greenish luminous glow, like the 
glow of the electric discharge, which, however, was quite suf- 
ficient to define its shape, and, when closely examined, the chief 
details of its form and appearance. The luminosity did not 
impart itself to the band, and did not appear to bo airpcti-d by 
the separation from the root on -which it grew, at least not for 
some hours. I think it probable that the mycelium of this 
ftingaa is also luminous, for, upon turning up the ground in 
search of amal! luminous i^orras, minute spots of hght; lyej-e 
■ Id "IIiHikEr'BJourDiilQf BotdQf " (1840), lol. ii. p. 42S, 
■j- Berhele)', "IntrodHction to CrjTt. Hot." 
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observed, whicH could not be referred to any particnlar object 
or body when brought to the light and examined, and were 
probably due to some minute portions of its mycelium."* The 
same writer also adds, '* Mr. Hugh Low has assured me that he 
saw the jungle all in a blaze of light (by which he could see to 
read) as, some years ago, he was riding across the island by 
the jungle road ; and that this luminosity was produced by an 
Agaric." 

Similar expenences were detailed by Mr. James Drummond 
in a letter from Swan River, in which two species of Agaric 
are concerned. They grew on the stumps of trees, and had 
nothing remarkable in their appearance by day, but by night 
emitted a most curious light, such as the writer never saw 
described in any book. One species was found growing on the 
stump of a JBanksia in Western Australia. The stump was at 
the time surrounded by water. It was on a dark night, when 
passing, that the curious light was first observed. When the 
fungus was laid on a newspaper, it emitted by night a phospho> 
rescent light, enabling persons to read the words around it, and 
it continued to do so for several nights with gradually decreas- 
ing intensity as the plant dried up. In the other instance^ 
which occurred some years after, the author, during one of his 
botanical trips, was struck by the appearance of a large Agarif, 
measuring sixteen inches in diameter, and weighing about five 
pounds. This specimen was hung up to dry in the sitting- 
room, and on passing through the apartment in the dark it was 
observed to give out the same remarkable light. The luminous 
property continued, though gradually diminishing, for four or 
five nights, when it ceased on the plant becoming dry. " We 
called some of the natives," he adds, "and showed them this 
fungus when emitting light, and the poor creatures cried out 
'shinga,' their name for a spirit, and seemed much afraid 
of it."t 

Although the examples already cited are those of species of 
Agaric, luminosity is not by any means wholly confined to that 

* Dr. Collingwood, in " Journal of Linnaean Society (Botany),** vol. x. p. 469. 
t In " Hooker's Journal of Botany " for April, 1842. 
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genoB. Mr. Wortliington Smith tas recorded hxa esperieBcee ol 
ommon !Polj/pQru» annosus which were 
1 the Cardiff coal mines. He remarks 
that the colliers are well acquainted with phosphoi'sscent fungi, 
and the mea state that GutHcient light is given "to see their 
handa by." The specimens of Polyporus were BO luminous 
tliat they could be seen in the dark at a distance of twenty 
yards. He ohserves further, that ho has met with specimens of 
J*oli/poruf tuJfureua which were phosphorescent. Some of the 
fnngi found in mineH, which emit light familiar to the miners, 
belong to the incomplete genus E/nsomerpha, of which Humholdt 
amongst others gives a glowing account. Tulasne has also 
investigated this phenomenon in connection with the common 
Shizomorpha guhterranea, Pera. This species extends nnderueath 
the soil in long strings, in the neighbourhood of old treo stumps, 
those of the oak especially, which are becoming rotten, and 
np6n these it is fixed by one of it-s branches. These are cylin- 
drical, very flexible, branching, and clothed with a bard bark, 
encrusting and fragile, at first smooth and brown, becoming 
later very tongh and black. The interior tissne, at first whitish, 
afterwards of a more or less deep brown colour, is formed of 
extremely long parallel filamenta from '0035 to 'OlS mm. in 
diameter. 

On the evening of the day when I received the specimens,* 
ho writes, the temperature being about 22° Cent., all the young 
branches brightened with an uniform phosphoric light the whole 
of their length ; it was the same with the surface of some of the 
older branches, the greater number of which were still brilliant in 
some parts, and only on their surface. I split and lacerated niany 
of these twigs, but their internal substance remained dull. The 
next evening, on the contrary, this substance, having been ex- 
posed to contact with the air, exhibited at its surface the same 
brightness as the bark of the branches. I made this observa- 
tion upon the old stalks as well as npon the young ones. Pro- 
longed friction of the luminous surfaces reduced the brightness 

• Talasne,"SurlaPho3i,hortscence,"in "Ann. dcaSci. K«t." (1818), vol. \x. 
p. 3<0, ic. 



and dried them, to a ccrbiin degree, bat did not leave on thq 

fingorB any phoBphoresoenfc matter. These parts continued witb^ 
the eaniB luminous inlcasitj alter holdiiig them in. the month 
as to moietcn them with saliva ; plntigcd into water, held to thg 
flame of a candle bo that the heat thej acquired was very appre- 
ciable to the touch, they still emitted in the dark a Teeble light ; i| 
was the same after being held in water heated to 30° C. ; but pnt* 
ting them in water bearing a temperature of 55° C. extinguiehed 
them entii-cly. They are equally eitingoished if held in the moutt) 
until they cateh the temperature; perhaps, still, it might ba 
attributed less to the heat which is commnnicated to them than 
to the deficiency of sufficient oxygen, because I have seen som^ 
Btulks, having become dull in the month, recover after a fe* 
instants a little of their phosphorescence. A young staUc 
which had been split lengthwise, and the internal substance of 
which was very phosphorescent, could imbibe olive oil many 
times and yet continue for a long time to give a feeble light. 
By preserving these SMzoTiwrphie in an adequate state of 
humidity, I have been able for many evenings to renew tha 
examination of their phosphorescence j the commenceraeut at 
dessication, long before tliey really perish, deprives them of tho 
faculty of giving light. Those which had been dried for more 
than a month, when plunged into water, commenced to vegetata 
anew and send forth numerous branchc.'^ iu a fetr days ; bat I 
could only discover phosphoreaceoce at the surface of these new 
formations, or very rarely in their immediate neighbourhood, 
the motlier etalks appearing to have lost by dessicatioa their 
luminous properties, and did not recover them on being recalled 
to life. These observations prove that what Schmitz has written 
was not true, that all parte of these fungi were seldom phos- 
phorescent. 

The luminoas phenomenon in question is without doubt more 
complicated than it appears, and the causes to which we attri- 
bnte it are certainly powerfully modified by the general character 
of the objects in which they reside. Most of the German 
botanists give this explanation, others suppose that it forms at 
first or daring its continuance a special matter, in which the 
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I lominoiis property resides ; this nctttcr, wLich is eald to be 

[ mucilaginous in tlie luminous wood, appears to be ia tile 

Rhixomorpha only a kind of ciiemicnl combinatioa betweea the 

membrane and some gummy substance wliicb tUey contain, 

Notwitb standing this opinion, I am asani'sd that ull external 

I mucous matter was completely absent from tlie Jgaricua olearivs, 

I and I neither discovered it upon the bi'anclieB ot Sliizomorp/ia 

I MuhUrranea nor upon the dead leaves which I have seen pbos- 

' phorescent ; in alt these objects the luminous surfaces ivei's 

nothing else than, their proper tissae. 

It may be remarked here that tlie so-called species of Jiliizo- 
morphu are imperfect fungi, being entirely devoid of fructifica- 

ition, consisting in fact only of a vegetative Bystem — a sort of 
compact mycelinm — (probably of species of Xytaria) with some 
affinity to Sclerotium. 

Bocentlyan extraordinary instaaceof luminosity was recorded 
as oocnrring in our own country.* " A quantity of wood had 
been purchased in a neighbouring pariah, which was dragged up 
» very steep hill to its destination. Amongst them was a log of 
larch or spruce, it is not quite certain which, 2-1 feet long and a 
foot in diameter. Some young friends happened to pass ap tba 
hill at night, and were surprised to find tlio road scattered with 
luminous patches, which, when more closely esamined, proved to 
be portions of bark or little fragments of wood. Following the 
tnujk, they cane to a blaze of white light which was perfectly 
surprising. On examination, it appeared that the whole of the 
inside of the bark of the log was covered with a white byssoid 
mycelium of a peculiarly strong sinoll, but unfortunately in such 
a state that the perfect form could not be ascertained. This was 
luminous, but the light was by no means so bright as in those 
parts of the wood where the Spawn, had peneti-ated more deeply, 
and where it was so intense that the roughest treatment scarcely 
seemed to check it. If any attempt was made to rub off the 
luminous matter it only sliono themare brigbt1y,and when wrapped 
np in five folds of paper the light penetrated through all the folds 
on either side as brightly as if the specimen was exposed ; when, 
• fiov. M. J. Berkelej, in " flardenor'a Cbrcniela" for 1BT2, p. 1368. 
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again, the specimenB were placed in tlie poctet, the pocket WheQ'l 
opened van a mass of light The Inminosity had i 
going on for three daya. Un fortunately wo did not see it ouv- J 
selves till the third day, when it had. possibly from a cltange in I 
the state of electricity, bcca somewhat impaired ; hot it i 
Btill most interesting, and we hare merely recorded what we 
observed ourselves. It was almost possible to road the time on 
the face of a watch even in its less laminons condition. We do 
not for a moment suppose that the mycelinm is csseDtially 
Inminons, bat arc rather inclined to believe that a peculiar con- 
cnrrence of climatic conditions is necessary for the production 
of the phenomenon, which is certainly one of great rarity. 
Observers as we have been of fnngi in their native haants for . 
fifty years, it has never fallen to oar lot to witness a similar case ] 
before, though Prof. Churchill Babington once sent ns specimeas < 
of luminoaa wood, which had, however, lost their luminosity 
before they arrived. It should be observed that the parts of the 
wood which were most luminous were not only deeply penetrated 
by the more delicate parts of the mycelium, but were those 
■which were most decomposed. It is probable, therefore, that I 
this fact is an. element in the case as well as the preseace of ] 
fungoid matter." 

In all cases of pbosphorejwenco recorded, the light emitted 
ia described as of the same character, varying only in intensity. 
It answers well to the name applied to it, as it seems remarkably 
similar to the light emifted by some hving insects and other J 
animal organisms, as well as to that evolved, under favourable I 
conditions, by dead animal matter — a pale bluish light, reseoii- J 
bling that emitted by phosphorus as seen in a dark n 

Another phenomenon worthy of note is the change of colouf j 
which the bruised or cat sarface of some fungi undergo. Most I 
prominent amongst these are certain poisonous speciea of ] 
Boletus, such, for instance, as Solelua lar" 
others, which, on being bniised, cut, or divided, exhibit an j 
intense, and in some cases vivid, blue. At times this change j 
is so ioBtantaneous that before the two freshly-cut portiona 
of a Soletui can be separated, it has already oomnieiLCed, and 
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procecda rapidly till the depth of inteusity has been gained. 
This blae coloar is so oniversally confined to dangerous species 
that it is given n.s a caution that all species which exhibit a blue 
colour when cut or braised, should on no account be eaten. The 
degree of intensity varies couaiderably according to the con- 
dition of the species. For example, Boletiit cmrulescena is 
sometiraoB only very sliglitly, if at all, tinged with blue when 
out, though, as the name implies, the peculiar phenomenon is 
^nerally highly developed. It cannot be said that this change 
of colour has as yet been fully iuvestigated. One writer some 
time since suggested, if he did not afiirm, that the colour was 
doe to the presence of aniline, others have contented themselves 
with the afllrraation that it ^as a rapid oxidization and chemi- 
cal change, consequent upon exposure of the surfaces to the air. 
Archdeacon Hobinson examined this phenomenon in different 
gases, and arrived at the conclusion that the change depends on 
an alteration of molecular arrangDinent.* 

One of the best of the edible species of Ladariui, known as 
Laelarius delieiosat, changes, wherever cut or bruised, to a dull ' 
livid green. This fungus is filled with an orange milky fluid, 
which becomes green on exposure to the air, and it ia conse- 
quently the juice which oxidizes on exposure. Some varieties 
more than otliers of the cultivated mushroom become brownish 
«n being cut, and a siroilar chaage we have observed, though 
not recorded, in other species. 

The presence of a milky juice in certain fungi has been 
alladed to. This is by no means confined to the genus Lac- 
tariM, in which such juice is universal, sometimes white, some- 
times yellow, and sometimes colourless. In Agarics, especially 
in the subgenus Mycena, the gilis and stem are replete with a 
milky jnice Also in some species of Pezha, as for instance in 
Peziza guccoia, B., sometimes found growing on the ground in 
gardens, and in Pexiia »a7iiosa, Schrad., also a terrestrial species, 
the same phenomenon occurs. To this might be added such 
q)ecies as Stereum spadkeum, Fr., and Slereum languinolcnium, 

• Berkeley, " IntroJuction io Crjpl, Bot." p, 2Q6. 
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Fr., both of which become discoloured and bleeding when 
braised, while Chrtieium laetetcen* distils a wateiy milk. 

Fungi in general have not a good repute for pleasant odoorH, 
and yet it mast be conceded tliat tbej are not by any means de- 
void of odonr, sometimes peculiar, often strong, and occasionally 
very oSenaivo, There is a peculiar odonr common to a great 
many forms, which has come to bo called a fungoid odour; it is 
the faint smell of a long-closed damp cellar, an odonr of mouldi- 
ness and decay, which often arises from a process of eremocan- 
eia. But there are other, stronger, and equally distinct odonra, 
which, when once inhaled, are never to be foi^otten. Amongst 
these is the fetid odour of the common stinkhom, which is in- 
tensified in the more beautiful and curioas Clalhria. It ia very 
probable that, after all, the odour of the Phallus would not be bo 
nnpleasfmt if it were not so strong. It is not difficult to imagine, 
when one enconnters a slight sniff borne on a passing breeze, 
that there is the element of something not by any means nn- 
pleasant about the odour when so diluted ; yet it must be con- 
fessed that when carried in a vasculum, in a close carriage, or 
railway car, or eipoaed in a close room, there is no scruple about 
pronouncing the odonr intensely fetid. The experience of more 
than one artist, who has attempted the delineation of Oiathrua 
from the life, is to the ofiect that the odonr ia unbearable even 
by an enthusiastic artist determined on making a sketch- 
Perhaps one of the most fetid of fungi is Thelephora palmaia. 
Some specimens were on one occasion taken by Mr. Berkeley into 
his bedroom at Ahoyne, when, after an honv or two, he was hor- 
rified at finding the scent for worse than that of any dissecting 
room. He was anxious to save the specimens, but tlie scent waa 
BO powerful that it was quite intolerable til! he had wrapped them 
in twelve thick folds of the strongest brown paper. The scent 
of Thelephora fastidioia is bad enough, but, like that of Copriaitt 
picaceus, it is probably derived from the imbibition of the ordure 
on which it is developed. Tliere needs no stronger evidence 
that the scent must not only be powerful, but unpleasant, when 
an artist ia compelled, before a rough sketch is more than half 
finished, to throw it away, and seek relief in the open air. Agreab 



NOTABLE PHEXOMENA, 117 

nntnber of edible Agarics have the peculiar odour of fresb meal, 
bnt two species, AgaricM odorus and Agarieut Jragrans, Lave a 
pleasant anise-like odour. In two or three epeeies of tough 
Byrf/iHm, there is B strong persistent odour somewhat like meli lot 
or woodrnffb, which does not pass away after the specimen hae 
been dried for years. In some species of Marasmius, there is a 
decidedly strong odour of garlio, and iu one species of irggro- 
pharta, sncli a resemblance to tbafc of the larva of the goat 
moth, that it bears the name of Mygropliorus cossua. Most of 
the fleshy forma exhale a strong nitrous odour during decay, 
bat the most powerful we remember to have experienced was 
developed by a very large specimen of C/ioiromyces meandriformiii, 
a, gigantic subterranean species of the truffle kind, and this 
specimen was four inches in diameter when found, and then 
partially decayed. It was a moat peculiar, but strong and 
anpleasantly pungent nitrons odonr, such 'as we never remember 
to have met with in any other substance. Pezlza venosa is 
remarkable when fresh for a strong scent like that of 
aquafortis. 

Of colour, fungi exhibit an almost endless variety, from white, 
throngh ochraceous, to all tints of brown until nearly black, or 
through sulphury yellow to reda of all shades, deepening into 
crimson, or passing by vinous tints into purplish black. These 
are the predominating gradations, but there are occasional blnea 
and mineral greens, passing into olive, but no pure or chloro- 
phylloua green. The nearest approach to the latter is found in 
the hymenium of some Boleti. Some of the Agarics exhibit 
bright colours, but the larger uunober of bright- coloured speoieB 
otxmr in the genus Feziza. Nothing can bo more elegant than 
the orange cups of Feiiza aurantia, the glowing crimson of 
Fezina eovcinea, the bright scarlet of JPezisa ratilans, the snowy 
whiteness of Fexiza nivea, the delicate yellow of Peziza thele- 
holoiJes, or the velvety brown of JPeilta repanda. Amongst 
Agarics, the most noble Agaricvt miucariut, with its warty 
crimson pilens, is scarcely eclipsed by the continental orange 
Asarietu cisiariut. Tlie amethystine variety of Agaricus laccalut 
is BO common and yet so attractive ; whilst some forma and 
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species Sussula are gems of brilliant colouring. The golden 
tufts of more than one species of Clavaria are exceedingly 
attractive, and the delicate pink of immature Lycogala epiden^ 
drum is sure to command admiration. The minute forms 
which require the microscope, as much to exhibit their colour 
as their structure, are not wanting in rich and delicate tints, 
60 that the colour-student would find much to charm him, and 
good practice for his pencil in these much despised examples of 
low life. 

Amongst phenomena might be cursorily mentioned the 
peculiar sarcodioid mycelium of Myxogastres^ the development 
of amoeboid forms from their spores, and the extraordinary 
rapidity of growth, as the well-known instance of the Beticularia 
which Schweinitz observed runniag over iron a few hours after 
it had been red hot. Mr. Berkeley has observed that the creamy 
mycelium oV Lycogala will not revive after it has become dry 
for a few hours, though so active before. 




AND ITS D13SEMINATI0S. 



A WOBE of tbia character would hardly" be deemed complete 
withoat some referBQce to the above enbject, which has moreoTer 
a relation to some of the questions discussed, and particularly of 
spore difiasioa in the atmosphci'e. The largest spore is micrO' 
scopio, and the smallest known scarcely visible under a magni- 
^ing power of 3C0 diameters. Taking into account the large 
number of species of fnngi, probably scarcely less namerous than 
all the flowering plants, aud the immense number of spores which 
some of the individuals produce, they must be exceedingly plen- 
tiful and widely diffused, though from their minnteness not easy 
to be discei'ned. It lias been attempted to estimate tlie number 
of Bpores which might be produced by one single plant oi 1.1/co- 
perdon, but the number so far exceeds that which the mind is 
accustomed to contemplate that it seems scarcely possible to 
realize their profusion. Itecent microscopic examinations of the 
common atmosphere* show the large quantity of spores that are 
contioDally suspended. In these investigations it was found that 
spores and eimilar cells were of constant occurrence, and were 
generally present in considerable numbers. That tbe majority 
of the cells wore living, and ready to undergo development on 
meeting with suitable conditions, -was very maiiifoat, as in those 
cases in which preparations were retained under observation for 
any length of time, germination rapidly took place in many of 
the celts. In few instances did any development take place, 

with 
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beyond the formation of networks of mjcelinni, or masses of 
toruloid cells, but, in one or two, distinct sporules were developed 
on the filaments arising from some of the larger septate spores ; 
and in a few others, Penicillium and Aspergillus produced their 
characteristic heads of fructification. With regard to the precise 
nature of the spores, and other cells present in yarious instances, 
little can be said, as, unless their development were to be care- 
fully followed out through all its stages, it is impossible to refer 
them to their correct species or even genera. The greater 
number of them are apparently referable to the old orders of 
fungi, Spharonemei, Melanconei, Torulacei^ Dematieiy and MucC" 
d.nfiSf while some probably belonged to the Puccinicdi and 
C(Bomacei, 

Hence it is demonstrated that a large number of the spored 
of fungi are constantly present in the atmosphere, which is con- 
firmed by the fact that whenever a suitable pabulum is exposed 
it is taken possession of by floating spores, and soon converted 
into a forest of fungoid vegetation. It is admitted that the 
spores of such common moulds as Aspergillus and Penicillium 
are so widely diffused, that it is almost impossible to exclude 
them from closed vessels, or the most carefully guarded prepara^ 
tions. Special contrivances for the dispersion of the spores in 
the different groups follow a few general types, and it is olily 
rarely that we meet with any method that is confined only to si 
species or genus. Some of the more significant forms of spores 
may be illustrated, with their modes of dissemination. 

Basidiospores is a term which we may employ here to desig- 
nate all spores borne at the tips of such supports as are found 
in the Symenomycetes and Gasteromycetes^ to which the name 
of basidia has been given. In fact, under this section we may 
include all the spores of those two orders, although we may be 
ignorant of the precise mode in which the fruit of most of the 
Myxogastres is developed. Guarding ourselves at the outset 
against any misinterpretation as to the use of this term, which, 
in fact, we employ simply to designate the fruit of Hymenomy^ 
ceteSf we may have excuse in our desire to limit special terms as 
much as possible. In the Agaricini the spores are plentiful, and 
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are distributed over the hynieniutn or gill plates, the sarface of 
wliicli is studded with baaidia, each of which normally ter- 
minates with four abort, erect, delicate, thread-like processes, 
each of which is Burmoiinted by a spore. These spores are 
colourless or coloured, and it is upon this fact that primary divi- 
sions in the genos Agaricua are baaed, inafimuch as colour iu the 




spores appears to be a permanent feature. In white-spored species 
the Bpores are white in all the individuals, not mutable as the 
colour of the pilens, or the corolla in phanerogamic plants. So 
also with the pink spored, ruafy spored, black spored, and others. 
This may serve to explain why colour, which is so little relied 
upon in classification amongst the bigher plants, should be intro- 
duced as an element of classification in one of the largest 
gcDera of fungi. 

There are considerable differences in size and form amongst 
tha spores of the Affarioini, although at first globose; when 
mature they are globose, oval, oblong, elliptic, fusiform, and 
either smooth or tnberculated, often mainteining in the diSerent 
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genem or snbgenera one particular characteristic, or typical 
form. It ia unnecessary here to particularize all the modificH- 
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tions which the form and coloar of the spores nndergo in dif- 
ferent species, as this has already been allnded to. The spores 





a 




<^^% Q 



Pio. 46*.— {«) Spore of Gomphidius Pio. 47.— Spores of (a) Polyporua eeniM/ 
viicidus: (6) spore of Ooprinus micaetua. {b) Boletut parasUicut : (c} Hifdnum, 

in the Polyporeif Hydnei^ &c., are less variable, of a similar 
character, as in all the Symenomycetesy except perhaps the 
Tremellini. 

When an Agaric is mature, if the stem is cat off close to the 
gills, and the pileus inverted, with the gills downwards on a 
sheet of black paper (one of the pale-spored species is best for 
this purpose), and left for a few hours, or all night, in that 
position, the paper will be found imprinted in the morning 
with a likeness of the under side of the pileus with its radiating 
gills, the spores having been thrown down upon the paper in 
such profusion, from the hjmenium, and in greater numbers 
from the opposed surfaces of the gills. This little experiment 
will be instractive in two or three points. It will illnstrate the 
facility with which the spores are disseminated, the immense 
number in which they are produced, and the adaptability of the 
gill structure to the economy of space, and the development of 
the largest number of basidiospores froxa a given surface. The 
tubes or pores in Folyporeiy the spines in Hydnei^ are modifica- 
tions of the same principles, producing a like result. 

In the Oasteromycetes the spores are produced in many cases, 
probably in most, if not all, at the tips of sporophores ; but the 
hymenium, instead of being exposed, as in the Hymenomycetes, is 
enclosed within an outer peridium or sac, which is sometimes 
double. The majority of these spores are globose in form, some 
of them extremely minute, variously coloured, often dark, nearly 
black, and either externally smooth or echinulate. In some 
genera, as Enerthenema, Badhamia, &c., a definite number of 
spores are &l first enclosed in delicate cysts, but these are excep- 



tiona to the general rule : tiiia also is the case in at least one 
Bpecies of Hgrnenogaiter; As the spores approach maturity, it 
may he obseryed in such genera as SlemonitU, Arcyria, DiacJiea, 
Dictydium, Cribraria, lyichia, Ac, that they are accompanied by 
a sort of reticulated skeleton of threads, which re- 
main permanent, and served in earlier stages, donbt- 
Icss, as snpporls for the spores ; being, in fact, the 
skeleton of the bymeninm. It lias been suggested 
that the spiral character of the threads in Triciia 
calls to mind the elatera in the Hepaticts, and like 
them may, by elasticity, aid in the dispersion of the 
spores. There is nothing known, however, which 
will warrant thia view. When the spores are 
mature, the peridium ruptures either by an external 
oriSce, as in Oeasfer, Lycoperdon, &c., or by an 
irregular opening, and the light, minute, delicate 
spores are disseminated by the slightest breath of 
»ir. Specimens of Geaster and Bovista are easily 
Bepamfed from the spot on which they grew ; when 
rolling fi-om place to place, the spores are deposited p,g 4g,_jKa. 
over a large surface. In the Fhalloidei the spores chctx riraam. 
are involved in a slimy mucus which would prevent their diffu- 
sion in finch a manner. This gelatinous sabstance has neverthe- 
less B peculiar attraction for insects, and it is not altogether 
romantic to believe that in sucking up the fetid slime, they 
also imbibe the spores and transfer them from place to place, 
so that even amongst fungi insects aid in the dissemination of 
species. Whether or not the Myxogaslres should be included 
bore is matter of opinion, since the mode in which the spores 
are developed is but little known ; analogy with the Trichogastre* 
in other points alone leading to the conclusion that they may 
prodnce basidiospores. The slender, elastic sterna which sup- 
port the peridia in many species are undoubted aids to the 
dissemination of the spores.* 

Under the name of StylospObes may be classed those spores 

which in some orders of Coiiiomyceiea are produced at the apex 

• See "Corda Icones," tab. 2, 
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of short thre&ds, either enclosed in a peritheciam, op seated npoa 
a kind of stroma. These are exceedingly variable, sometimes 
large, aad mnttiscptate, at other timeH miuute, resembling Bpcr- 
matia. In such genera as are chieflj' epiphytal, in Septoria, 
Pkyllosticia, and their allies, the minute spores are enclosed 
within membranaceons peritheoia, and when mature these are 
ejected from the orifice at the apex, or are exposed by the break- 
ing off of the upper portion of the perithecia. In Diplodia and 
Mendersonia the sporea are larger, mostly coloured, often very 
fine in the latter genusj 
and multiseptate, escaping 
from the perithecia by a 
terminal pore. Probably 
I species are only pyc- 






bat 



that is of no conseqnei 
in relation to o 
inquiry. Of styloapores 
which deserve mention on. 
Q- account of their singu- 
larity of form, we may 
note those of Dilophonpora graminis, which are straight, and 
bave two or three hair-like appendages at each estremity. In 
Ditcosia there is a single oblique bristle at each end, or at 
the aide of the septate sporea, whilst in Neotliospora a, toft of 
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delicate hairs is found at one extremity only. The appendages 
in Dinemasporium are similar t» those of Discosia. The spores 
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in Frosthemitmt may be Baid iti some sort to reaemble componnd 
Hemhrionia, being fasifarm and multiseptute, often united at 
the base in a stellate manner. In this genna, as in Darluea, 
Ci/li»/iora, and tbe most of tboae belonging t« the Melanconiei, 
the spores when mature are expelled from the orifice of the 
porithecinm or Bpurions peritheciam, either in the form of 
tendrils, or in a pasty mass. la these instances the spores are 
more or less involved in gelatine, and when expelled lie spread 
over tbe niatrii, around the orifice; their ultimate diffusion 
being dne to moisture washing- them over other parts of the 
same tree, since it is probable that their natural area of 
dissemination is not large, the higher plants, of nhich they 
are mostly eooditions, being developed on the same branuhes. 
More , mnst bo known of the relations between Melaneoniiivi 
and Tolasne'a sphosriaceons geans Melanconit before we can 
appreciate entirely the advanta-ge to Melanconium and some 
other genera, that the wide diSusion of their spores should be 
checked by involving them in mueas, or their being agglutinated 
to the surface of the matrix, only to be softened and diffused by 
rain. Tbe spores in many species amongst the Melanconiei are 




remarkably fine ; thoee of Stegotiosporium have the endocfarome 
partite and cellular. In Stilbospoi-a and Cori/neum the spores are 
malliseptatc, large, and mostly colonred. In Atterotporium the 
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spores are stellate, whilst in Peitalozzia tliey are septate, with a 
permanent peduncle, and crested above with two or three hyaline 
appendages. 

The Torulaeei externflUy, and to the naked eye, are very 
similar to the blnck moulds, and the mode of dissemination will 
be alike in both. The spores are chiefly componnd, at first 
resembling septate threads, and at length breaking ap into 




^ 



joints, each joiut of which possesses the function of a spore. In 
Bomo inatauces the threads are connate, side by side, as in. Ihrula 
hygterioides, and in Speira, being concentrically arranged in 
larainE in the latter genus. The structure in Sporochiama is 
very peculiar, the joints breaking up within an external tube or 
membrane. The spores in Sporidesmium appear to consist of 
irregular masses of cells, agglomerated into a kind of compound, 
spore. Most of the species become pulverulent, and the spores 
are easily diffused throa^h the air like an impalpable dust. 
They form a sort of link between the stjlospores of one section 
□f the Gonioviyaetea, and the pseudosporea of the parasitical 
section. 

PsEODOSPOBE is, perhaps, the most fitting name which can be 
applied to the so-called spores of the parasitical Coniomjicetet. 
Their peculiar germination, and the production of reproductive 
bodies on the germ tubes, prove their analogy to some extent 
with the prothallus of otlier cryptogams, and necessitate the 
nsQ of some term to distingniah them from such spores as are 
reproductive without the intervention of b promyceliam. The 
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difFerences between these psoudosporea in the several genera are 
confined in some iuetances to their aeptation, in otliers to their 
tuode of development. In the .jEddiacei the pseudosporea are 
more or less globose, produced in chains within an external 
cellular perldiura. In the Cieomacei tbey ore simple, sometimes 
produced in chains, and sometiraea free, with or witbout a 
cadnceouB peduncle. In the Usfilaffinei tbey ai'e simple, dark 
coloured, and occasionally attached in anbglobose maKsea, as 
in Vroeystis and Thecaphora, wbioK are more or less compact. 






•f 



the distiiicti\e features of the genera are baaed 
less complex nature of the pseudospores, which 



— Pnendospores of Phragmidiu-n 



re bilocnlar in Puccinia, trilocular in Triphrngmium, multilocular 
n Phragmidiwm, &c. In the cnrionH genns Poditoma the septate 
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'ipsendosporea are involved in a gelatinous element. The diffa- 
jnon of these fniita is more or lesa complete according to tbeir 
compact or pulverulent nature. In somo species of JPucciitia the 
eori are ao compact that they remnin attached to the leaves long 
after they are dead and fallen. In the genua Melampsora, the 
wedge-shaped winter-psendosporeB are not perfected until after 
the dead leaves have for a long time remained and almost rotted 
on the ground. It is probable that their ultimate diffusion iB 
only accomplished by the rotting and disintegration of the 
matrix. In the Cteomaeei, UtiUaginei, and j^cidtacei the paeudo- 
flporea are pulverulent, as in some species of Pueeinia, and are 
easily diffused by the motion of the leaves in the wind, or the 
contact of passing bodies. Their diffusion in the atmosphera 
seems to be much less than in the case of the Syphomycetei. 
By what means such a species as Pucciuia HiaZuacffarwwi, which has 
very compact sori, has become within so short a period diffused 
over such a wide area, is a pToblem which in the present state 
of our knowlecige must remain nnsolveJ. It may be through, 
minute and plentiful secondary spores. 

Speumatia are very minnte delicate bodies found associated 
with many of the epiphyllous Coniomifaelea, and it has been sup. 
posed are produced in conjunction with some of the Spheertacei, 
bnt their real functioa is at present obscnre, and the name is 
applied rather upon conjecture than knowledge. It is by no 
means improbable that spermatia do exist extensively amongst 
fungi, but we must wait in patience for the history of their 
relationship. 

Trichospores might bo applied better, perhaps, than conidia 
to the spores which are produced on the threads of the Uypho' 
mycetei. Some of them are known to be the conidia of higher 
plants ; but as this is by no means tlie case with all, it would bo 
assuming too much to give the name of conidia to the whole. 
By whatever name they may be called, the spores of thft 
IJyphomyeeiet are of quite a different type from any yet men- 
tioned, approximating, perhaps, most closely to the basidiosporeB 
ot the HyT/ienmnyceles in some, and OasteromifceCea in others $ 
for instance, in the Sepeiioniei and the Triehoderiaacei. Ths 
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form of the spores and their size dilTer materially, aa well as the 
maimer in wliieh they are produced on the thi-eada. In many 
they are \ery minute and profuse, but larger and less plentiftil 
in the Dematiei than in the Mucedinei. The spoi-ea of some 
species of Helminthonporium are large and multiseptate, calling 
to mind the eporea of the Melanconiei. Others ara very curious, 
being stellate in Tripoxporium, circiuate inHelUoma and JTelico- 
toryne, aognlar in Gonatowporiiim, and ciliate in MenUpora cili- 
ala. Some are prodaced singly and some in chains, and in some 
the threads are nearly obsolete. In Peronospora, it has been 
demonstrated that certain species prodnce minute zoospores 
from the so-called spores. Tho dissemiuotion of the minnte 
spores of tho Mucediaea through the air is undoubted; rain also 
certainly asaista not only in the dispersion of the spores in 
tills aa in other groups, but also in the production of zoospores 
which require moisture for that purpose. The for^ of the 
threads, and tho mode of attachment 
of the spores, ia far rooi-e variable 
amongst the Mucedines than the form 
of the spores, bat the latter are iu all 
instances so ahghtiy attached to their 
supports aa to be dissevered by the 
least motion. This aids also iu the 
diflusion of the spores through the 
atmosphere. 

Sforakou are produced in the ' 

Fhgiomycelea usually on the tipa or '"■ ■ P 
branches of delicate threads, and these when mature dehisce and 
set free the minute sporidia. These are so small and nniform 
in their character that they require but a piiaaing mention. 
The method of diffusion agrees much with that of the Mucedinea, 
the walls of the sporangia being usually so thin and delicate 
as to bo easily ruptured. Other modes of fructification prevail in 
some species by the production of cysts, which are the result of 
conjugation of the threads. These bodies are for the most part 
fomished with thicker and more resistant walls, and the diffusion 
of their contents will be regulated by other circumstances than 




ibose which inflnence the diBpersion of the nmrnte Bporidia &Dm 
the terminal cjsts. Probably tliey are more perennial in their 
character, and are assimilated more to the oogonia of Cif9(opuM 
and Feronofpora, being rather of tjie natnre of resting sporeBr 
inasmuch as the same threads usually bear the terminal fruits. 

Tkecaspores is a term which may be applied geaemliy t« all 
sporidia prodoced in asci, but these are in tnm so innumerable 
and variable that it will be necessary to treat of some of the 
groups individually. The Thecaspores, for instance, of the Tit- 
'heracei offer several features "whereby they may be distinguished 
worn other tliecaaporea. The nsci in which these Bporidia ara 
generated mostly partake of a broadly saccate, ofate form. The 
number of sporidia contained in an individual ascua is osually 
less than in the majority of the Aicotnycefes, and the sportdiK 
approximate more nearly to the globose form. Usually, also, 
they are comparatively large. Many have been figured by 
Corda* and Tulasne.t Three types of spores may be said to 
prevail in the Tuheracei : the smooth apored, 

#tbe warled or spinuloae, and the areolate. The 
first of these may be represented by the iS/ff- 
phensia hotnbyeina, in which the globose 
Bporidia are quite smooth and colourless. 
FiQ. M.— Sporidium o( Tdg warted eporidia may be observed in 
omra Bi.TBcoM, Qg„gn reTTucosa, the epiuuloae in Tuber 
nitidum, and the areolate are present in Tuber aativum and 
Tuber excavatum, in which the eplspore is divided into poiygoi;al 
alveoli, bounded by thin, membranaceous, pro- 
minent partitionfi. This form of sporidium ia 
very beautiful. In all no epecia! provision ia 
made for the dissemination of the eporidia, 

k-^M^^H(T as, from their subterranean habit, none would 
^~^^^^^ bo available save the ultimate diasolnbion 
Fm. 63,— Aivaoiata of the eitemsl integuments. As they are 
spuridium uf ruijr gyeedily devonred by several animals, it is 
jssihle hat they may be dispersed through the escrementa, 
• Cords, "loonEsFimgornn)," vol. vi. Pingoe. 
t Tolnsne, "PnnpHypoeffii." Sms. 
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In the Peritporiacei the perithe-cinm lias no proper orifice, or 
ostiolum, for the discharge of the niatAire sporidia, which are 
usaallj small, and are disBeminated by the irregular rupture of 
the somewhat fragile conceptades. The asci are usually more 
or less saccate, and the sporidin approximate to a globose form. 
The asci are often very diffiuent. In Perisporium vul^are (he 
ovate brown sporidia are at first, and for some time, attached 
together in fours in a concatenate or beaded i 
species of J^rytiphei the conceptacle en- 
closes but a single Rporangium, in others 
several, which are attached together at the 
ba£e. In some species the sporangia contain 
two, in others four, in others eight, and in 
others nnmerous sporidia. In Cfnetomium 
the asci are cylindrical, and in most cases 
the coloured sporidia are lemon-shaped. 
When the conceptacles are fully matured, 
it is commonly the case that the asci are 
absorbed and the sporidia are fi-ee in the 
interior of the conceptacles. 

Of the fleshy Sisromyceies the genus 



Pezixa may be taken 
strQcture which pre" 
brought to mind, it 
that the hymenium I 
and t!iat the asci art 
by side, with their 
their bases attacbed to 
which form the icnei 
tocle. The sporidia i 
each ascuE, 
double rows 



: the type. If the 
lils in this genus be 
will be remembered 
nes an expanded cup, 
packed together, side 
pices outwards, and 
. substratum of cells 
layer of the recep- 
-e usually eight in 
igle 




irregnhirly gronped to- 
gether. The asci are produced in succes- p,„ sj..*,^,, .p^ndL 
sion ; the later, pressing themselves upwards mid pimiphjwB of Ma 
between those previously developed, cause '"'" i''""'''"'' 
the mptare of the mature asci at the apex and the ejection □ 
the sporidia with considerable force. When a large Pezha i 



k 



L 



observed foe a time a whitish cloud will be sbbii to rise suddenly 
from the Barfnce of the disc, which is repeated n^iiii aud a{;aiii 
wheuever the epecimen ia moved. This clond consists of 
aporidia ejected simultaneoaaly from Beveral Rsci. SoinetimeB 
the ejected aporidia lie like frost oa the surface of the disc. 
Theories have been devised to account for this sudden extrngioa 
of the sporidia, in Ascoholus, and a few speciea of Peziza, 
of the asci also, the moat feasible one being tlie successive 
growth of the asci ; contraction of Iho cup may also assist, as 
well as some other less potent causes. It may be remarked 
here that the sporidia in Peziza and HdoHum are mostly coloar- 
lesB, whilst in Ascobolus tliey pass through pink to violet, or 
dark brown, and the, epiapore, which is of a waxy nature, be- 
comes fissured in a more or less reticulated manner. 

The sporidia in Ki/gterium proper are usually coloured, often 
multiseptate, sometimes fenestrate, and occasionally of consider- 
able size. There ia no evidence that tlie sporidia are ever 
excluded in the same manner as in Peziza, 
M^k the lips closing over the disc so much as to 

^^^L prevent this. The diffusion of the sporidia 

J^^B probably depends on the dissolution of the 

I^Ha aaci, and hence they will not be widely 

^I^B dispersed, unless, perhaps, by the action of 

^^^H In TifmpanU, asci of two kinds have been 

^^^H observed in some species ; one kind contain- 

vV itig au indeSnite number of very minute 

^ bodies resembling spermatia, and the other 

Fio. 67.— Bporidium of Qptogporons, containin'T spoi-idia of the usual 

type. 
The Spliariacei include an almost infinite vai'iety in the form 
and character of the sporidia. Some of these are indefinite in 
the number contained in an ascus, altliouyh the majority are 
eight, and a few less. In the genera Torruhia and Hypocrea the 
structure diflera somewhat from other groups, inasmnch as in 
the former the long thread-like sporidia break up into short 
joints, and in the latter the ascns contains sixteen subglobose or 
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Sttbqoftdrato Rporidio. Other epecies contaia linear nporidia, 
vrhicli are often the length of the ascus, and may either be simple 
or septate. lo Sphteiia uJaatpora tlie sporidia are abruptly bent 
at the Becoiid joint. Shoi'tcr fusiform eporidia ai-e by no means 
■uncommon, varying in the number of septa, and in constriction 
at the joints in different species. Elliptic or ovate Eporidia are 
common, aa are those of the peculiar form which may be termed 
Bausage-Bbaped. These are either hyaline or coloured of some 
shade of brown. Coloured eporidia of this kind are common in 




JCvlaria and Hypoiej/lon, as well as in certain species of the section 
Sujier/teialet. Coloured eporidia are often large and beautiful; 
tbey are mostly of an elongated, elliptical form, oi- fusiform. 
noteworthy may be mentioned thp eporidia of Mdaneonit lanci- 



am 



formit, those of Vaha profiisa, and some species of MatMriM^M 
the latter being at firat itiveBted with a kyaline coat. Somof 
oolonred sporidia have hyaline appendages at ench extremity, i 




,— Sporldia of iTtut 




Fia. TZ.-Sporldliimot 
Mcaxiu, Cooke. 



ia MeJanconU Berieieu', and an allied Bpccios, Melnnconis hicorrni, 
from the United States, also some dnug Spkxrim, as S. /tmUeda, 
included under the proposed genus Sordorin.'' Hyaline sporidia 
occaaioiially exhibit a delicate briatlo-like appendage At each 
eitremity, as in tho VaUa thelebola, or with two additional cili* 
at the central oonstriction, as in Yalta taleola. A peculiar form 




sporidia a( Spiaria jtuix 



of Hporidium ia present in certain species of SpJiteria found on 
dung, for which the goneric name of Sporormia has been pro- 



" Die Dentachen Sordarien" (1373). 
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'poeed, in which the sporidinm (aa in PeruporiuDi vulgare) 
oonaista of fonr coloured ovate joints, which ultimately sepafate. 
2Ialtiseptate fenestrate sporidia B.ve not uucotnmon in Ouewrhi- 




Bpecies, lu tho North American Sjih, 
are estraordinarily large. 

The dissetninatiDu of tho Rporidia 
may, from identity of etructurc in the 
porithecium, be deemed to follow a like 
method in all. When motare, they are 
in a great measure expelled from the 
month of the perithccta, as ia eviJent 
in flpecies with large dark sporidia, 
SQch as eiifit in the genera Hypoxyhn, 
. MelaneonU, and Massaria. In these 
genera tho sporidia, on maturity, may 
be observed blackening the matrix 
roand the mouths of the perlthecia. 
Aa moisture has an evident effect 



'ia pittaminum the sporidia 

Fid. T3 —SporliKiim oF Bpharia 



prodni 
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fiion of sporidia by swelling tho gelatinons nnolens, it may 
be assamed that this is one of the causes of expulsion, and 
therefore of aids to dissemination. When Sphwrits are submitted 
to extra moisture, either by placing the twig which bears them 
on damp sand, or dipping one end in a vessel of water, the 
sporidia will exude and form a gelatinous bead at the orifice. 
There may be other methods, and possibly the successive pro- 
duction of new asci may also be one, and the increase in bulk 
by growth of the sporidia another ; but of this the evidence is 
scanty. 

Finally, Oogonia may be mentioned as occurring in such 
genera as JPeronospora amongst moulds, Cystopua amongst 
Uredines, and the SaprolegniacecB amongst the JPIiysomycetes. 
The zoospores being furnished with vibratile cilia, are for some 
time active, and need only water in which to disseminate them- 
selves, and this is furnished by rain. 

We have briefly indicated the characteristics of some of the 
more important types of spores to be found in fungi, and some 
of the modes by which it is known, or presumed, that their 
dissemination takes place. In this summary we have been com- 
pelled to rest content with suggestions, since an exhaustive essay 
would have occupied considerable space. The variability in the 
fruit of fungi, in so far as we have failed to demonstrate, will be 
found exhibited in the illustrated works devoted more especially 
to the minute species.* 

♦ Corda, ''Icones Pungomm,'* 6 vols. (1837-1842) ; Sturm, " Deutschlanda 
Flora," Filze (1841); Tolasne, ''Selecta Fongoram Carpologia;" Biachoff, 
' Kryptogamenkonde " (1860) ; Corda, '^Anleituog znm Stadium der Myko- 
logie" (1842) ; Fresenios, "Beitj&ge znr Mykologie" (1850); Nees von Esen- 
beck, '* Das System der Filze'* (1816) ; Bonorden, *' Haudbach der Allgemeinen 
Mykologie " (1851). 




QEaMINATlOS AND QnOWTH. 

In describing tte stmcturo of these organisms in. a previom 
chapt.er, the modes of germination and growth from tlie spores 
have been parposely excluded and reserved for tlio present It 
may be assumed that tlie reader, having followed ns to this 
point, is prepared for oar observatioua by some knowledge of 
the chief features of strocture in the principal gronps, and of the 
nmin distinctions in the classiGcation, or at least sufficient to 
obviate any repetition here. In very many species it is by no 
means difficult to induce germination of the spores, whilst in 
others snecesa is by no means certain. 

If. de Scynes made the IIi/menom)/cctcg an especial object of 
stady,* but he can give us no information on the germination 
and growth of the spore. Hitherto almost nothing is positively 
known. As to the form of the spore, it is always at first 
spherical, which it retains for a, long time, while attached to 
the basidia, and in some species, but rarely, this form is final, as 
in Ag. terreut, &c. The most usual form is either ovoid or regu- 
larly elliptic. All the Coprtni ha.ve the spores oval, ovoid, more 
or less elongated or attenuated from the Lilum, which is more 
translucent than, the rest of the spore. This last form is rather 
I general amongst the Leucosporcs, in Amanita, Lepioto, &c. At 

I other times the spores ore fusiform, with regnlarly attenuated 

I extremities, as in Aj. ermiiieus, Fr., or with obtuse estremities, as 



'SejscB, J. de, "Easoi d'nne Flora Myiiulogique de li Mnntpellici 
(1863), p. 30. 
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in Ag, ruHlans, Sch. In Sygrophoru% they are rather irregular, 
reniform, or compressed in the centre all ronnd. Hoffmann* lias 
given a figure taken from Ag, cMorojplianus, and Seynes verified 
it upon Ag. ceraceus, Sow. (See figures on page 121.) 

The exospore is sometimes roughened, with more or less pro- 
jecting warts, as may be seen in RussuJay which much resembles 
Lacfarius in this as in some other particulars. The spores of 
the Dermini and the Hi/porhodii often differ much from the 
sphserical form. In Ag.pluteuSy Fr., and Ag. phaiocephalus, Bull, 
there is already a commencement of the polygonal form, bnt the 
angles are much rounded. It is in Ag. sericeus^ Ag. ruhellus^ 
&c., that the polygonal form becomes most distinct. In Dermini 
the angles are more or less pronounced, and become rather acute 
in Ag. murinus, Sow., and Ag. ramosus, Bull. The passage from 
one to the other may be seen in the stellate form of the conidia 
of NyctaUs. 

It is almost always the external membrane that is coloured, 
which is subject to as much variation as the form. The more 
fine and more delicate shades are of rose, yellow-dun or yel- 
low, violet, ashy-grey, clear fawn colour, yellow-orange, olive- 
green, brick-red, cinnamon-brown, reddish-brown, up to sepia- 
black and other combinations. It is only by the microscope 
and transparency that one can make sure of these tints ; npoii 
a sufficient quantity of agglomerated spores the colour may be 
distinguished by the naked eye. Colour, which has only a slight 
importance when considered in connection with other organs, 
acquires much in the spores, as a basis of classification. 

With the growth of Agarics from the mycelium, or spawn, we 
are not deficient in information, but what are the conditions 
necessary to cause the spores themselves to germinate before our 
eyes and produce this mycelium is but too obscure. In the culti- 
vated species we proceed on the assumption that the spores have 
passed a period of probation in the intestines of the horse, and 
by this process have acquired a germinating power, so that when 
espelled we have only to collect them, and the excrement in which 

* HoffmaD, '* Icones Analytics FuDgorom.*' 
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they ai« concealed, and n-e sliall secure a crop.* As to other 
species, we know that hitherto all attempta to solve the mystery 
of germination aod cultivation has failed. There are several 
species wliioli it would be most desirable to cultivate if the con- 
ditions ooold be discovered which ore essential to germination. f 
In the same manner the Boleli and JIi/dnei~m fact, fill other 
hymenomycetal fungi, wilh the exception of the TremelUni — still 
reqnire to be interrogated by persevering experiment and close 
inqniry as to their mode of gerraination, bnt more eRpcciaJly as 
to the essential conditions under which alone a fruitful myceUnm 
is produced. j-j 

The germination of the spore has been l\ 
observed in some of the TremeiUni. 
Tulasne described it in Ti-rmeUa vio- 
lacea.l These spores are white, unilo- 
cular, and hlled with a plastic matter 
of bomogeneoua appearance. From come 
portion of their surface an elongated 
germ filament is produced. Into which 
the contents of the reproductive cell pass 
until quite exhausted. Other spores, 
perhaps more abundant, have a very 
different kind of vegetation. From 
their convex fiidc, more rarely from the 
outer edge, the.'^e particuhir spoitis emit 
a conical process, generally shorter than 
themselves, and directed perpend icnlarly 
to the axis of their figure. This appen- 
dnge becomes filled with protoplasm at thi 
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• The sporpa of AgaricH which are devoured bj fllea, howevei 
In Hieir Jung in an apparentlj perfect Blate, are quite effete, 
prinuipally ty llie Si/rphldie, which devpur iJollen, that fungus spores are oon- 

t All atlemi.U at CbiBwiblt failed with soma of Ihe mora estn lent species, and 
Mr. Ingram st Belroir, and the late Mr. Ue nderaon at Mlllon, were unauoceaaful 
nilh oaliie and imported Hpawn. 

t Tulasne, "On tlie Onranitition of tha Tremiilliul," "Ann. Jea. Sci. Kal." 
IP^ttl. k\x. (1853t, p. 103. 
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spore, and its free and poiuted extFemltjr fiually dilated iota 
a Bac, at first globose and empty. Tbia nftertvards admits 
into ita cavity tbe plastic matter contained in its support, 
and, intTeasiag, takes exactly tbe fonn of a new spore, 
without, however, quite equalling in size the primary or 
mother spore. Tbe spore of the new formation long retains its 
pedicel, and the mother spore which produced it, bat tbese 
latter organs are then entirely empty and eitremely transparent. 
Sometimes two secondary spores are thna engendered from the 
same spore, and their pedicels may be implanted on the same of 
on different sides, so as to be parallel iu tbe former case, and 
growing in opposite directions in tbe latter. The fate of tbesa 
secondary spores was not determined. 

In Dacrymyceg deliiptescent are found mingled amongst tbe 
spores immense nambers of small round or ovoid uniloctilar 
bodies, withont appendages of any tind, which long puzzled 
mycologists. Tiilasiie ascertained that they are derived from 
tbe spores of this fungus when they have become free, tind rest 
on the surface of the hymenium. Each of 
tbe cells of the spore emits exteriorly one 
or several of these corpuscles, supported on 
very short slender pedicels, which remain 
after the corpuscles are detached from 
them. This latter circumstance evidences 
that new corpuscles sncceed the firstborn 
one on eaxjb pedicel as long as there remains 
any plastic matter within Ihe spore. The 
latter, in fact, in consequence of thia 
mS^'and'w iS^JS^IS la^ir <*•" production, becomes gradually. 
Atersutfai tijfijiiMM'^. emptied, and yet preserves the generative 
pedicels of the corpnacles, even when it no longer containa any 
solid or coloured matter. These pedicels are not all in the same 
plane, as may bo ascertained by turning the spore on its longi- 
tudinal axis ; bat it often seems to be so when they are looked 
at in profile, on account of the very slight distance which then 
separates them one from another. It will also be remarked thai 
tliey are in this case often implanted all on the same side of th»' 




I 
1 



r 



QERMIXiTIOS ASD GROWTH. 141 

reprodactiTe body, and most often on its convex aide. Their 
fecundity is exhansted with tlio plastic contents of the spore. 
The oorpasclea, when placed in tbe most favourable conditions, 
have never given the least sign of vegetation. ; they have also 
remained for a. long time in water without experiencing any 
appreciable alteration. 

All the individuals of Dacri/mjfces deliquegcens do not prodnce 
these corpuscles in the same abundance ; those which hear the 
most are recognizable by the pale tint of the reproductive dust 
with which they are covered ; in others, where this dust preservea 
ite golden ippearance, only a few corpuscles are found. The 
Bporea which produce corpuscles do not appear at all apt to 
germinate. Oa the other hand, tualtitudea of spores will germi- 
nate which had not produced any corpuscles. Tolasne remarks 
on thia, that these observations would authorize us to think that 
all spores, though perfectly identical to our eyes, have not, 
withont distinction, the same fate, nor doubtless the same nature ; 
and, m the second place, that these two kinds of bodies, if they 
are not always isolated, yet are most frequently met with on 
distinct iudividoals. This author claims for the corpuscles in 
qnestioa that they are spermatia, and thinks that their origin is 
only so far nnusual in that they proceed from veritable spores. 

The whole of the Gaslemmi/ceteg have as yet to be challenged 
as to the mode and conditions of germination and development. 
It is probable that those will not materially difl'er from those 
which prevail in Hymenomyceles. 

Thegerminationin j&ii/iuwha&been followed ont by Tulasne,* 
either by placing the pseudospores in a drop of wafer, or confining 
them in a moist atmosphere, or by placing the leaves on which 
the .^eidium flourishes upon water. The pseudospores plunged 
in water germinated more readily than the others. If the con- 
ditions were favourable, germination would take place in a few 
honre. jScidium Ranunculacearam, D, C, on leaves of figwort, 
gives rarely more than one germinating filament, which soon 
attains three times the length of the diameter of the paeudosporo. 
This filament generally remains simple, sometimes torulose, and 

* Tnloane, " MfimoirB sur les Dc^lin^cs." 
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distorted in a long spire. Sometimes it has been seen divided 
into two branches, nearly equal to each other. The spore in 
germinating empties itself of its plastic contents, contracts, and 
diminishes io size. The pseudospores of JEcidium crassum^ P., 
emit three long filaments, which describe spirals, imitating the 
twistings of the stem of a bean or bindweed. In jEcidium VioltSy 
Schum, one filament is produced, which frequently rolls up its 
anterior extremity into a spire, but more often this same extremity 
rises in a large ovoid, irregular vesicle, which continues the axis 
of the filament, or makes with it a more or less decided angle. 
In whatever manner placed, this vesicle attracts to it all the 
orange protoplasm, and hardly does this become settled and 
complete before the vesicle becomes the starting point of a new 
development, for it begins to produce at its apex a filament, 
more slender than the previous one, stiff, and unbranched. 

According to M. Tulasne, the germination of the pseudospores 
of jfEcidium JSupJiorhicB on Euphorbia sylvatica differ in some 

respects from the preceding. When dropped 
upon water these spores very soon emit a 
short tube, which ordinarily curves in an 
arch or circle, almost from its origin, attain- 
ing a length of from three to six times the 
diameter of the spore ; then this tube gives 
ris^e to four spicules, each of which pro- 
duces a small obovate or reniform sporule ; 
the generation of these sporules absorbs all 
the plastic matter contained in the germ- 
tube, which permits of the observation that 
it was divided into four cells correspond- 
ing with the number of spicules. These 

P.O. 8i.-GerminaUon of spo'^le.s germinate Very rapidly from an 
jEcidimn Euphorbia [syiva- indefinite poiut of their surfacc, emitting a 
tica), Tulasne. filiform process, which is flexuous and very 

delicate, not extending more in length than three times that of 
the long axis of the sporule, often less, reproducing at its 
summit a new sporule, differing in form and size from that 
which preceded it. This sporule of the second formation be- 
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comes at its npox a vital centre, and apronts one or more linear 
buds, of -wbicli the elongation is occasionally interrupted by tto 
foFmatioQ of vesicular swellings. As Tnlasne observes, tbe 
pseudospores of the AilciJium and the greater number of Uredines 
are easily wetted with water before arriving at maturity ; but 
when tliey are ripe, on the contrary, they ftppcar to be clothed 
with a greasy matter wliich protects them from t.iie liquid, 
forcing them almost all to rest on the snrface. 

The pseudosporea of Mwslelia aro produced in strings or cliap- 
lets, as in ^cidium, with this difference, that instead of being 
contiguous they are sepaj^ted by narrow isthmusea. The ripo 
pseudospores are enveloped in athick tegument, of a dark brown 
colour. They germinate readily on water, producing a filament 
fifteen times as long as tho diameter of the spore. This filament ' 
is sometimes rolled or curved. Towards its extremity it exhibits 
protuberances which resemble the rudiments of nunuli, or they 
terminate in a vesicle which gives rise to a slender filament. 
The tegument of these pseudospores, above all in those which 
have germinated, and have conBeqnoutly become more trans- 
parent, it is easy to see has many pores, or round ostiolea. 

In Peridermium the pseudospores, when dropped upon water, 
germinate at any point of their surface. Sometimes two unequal 
filaments issue from the same spore. After forty-eight bonrB 
of vegetation in the air, the greater part had already emitted a 
TOultitudo of thick little branches, themselves either simple or 
branched, giving to the filaments a peculiar aspect. Tulnsne did 
not on any occasion observe the formation of secondary spores. 

In tbe Uredines proper the germination seeros to be some- 
what similar, or at least not offering sufficient differences to 
warrant special reference in JJredo, Trichohasii, Lecylhea, &o. 
In CtAeMporium there are two kinds of spores, one kind consist- 
ing of pulvernlent single cells, and the other of elongated sep- 
tate cells, wliich break up into obovato joints. Soon ailer the 
maturity of the pulverulent spores, each begins to emit a long 
tube, which is habitually simple, and produces at its summit a 
reproductive cellule, or reoiform spomlo. The orange protoplasm 
passes along tbe colourless tubea to the terminal spomlo at the 
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end of its Tegetation. The two forma of sporea in this gentis 
are constantly found on the sanio leaf, and in the same pnl^innle, 
but generally the pnlvenilent spores aboand at the commence- 
ment of the Bummer. The reniform spornles begin to germinate 
in a great number aa soon as they are free ; some few extend a 
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filament which remains simple and aniform, but more commonly 
it forms at its extremity a second Rporule. If this does not 
become isolated, to play an independent life, the filament is 
continued, and new resides are repeated many times. 

In Melampsora the summer spores are of the Lecnthta type, 
and were included in that genas till their relation with Melamp- 
sora was clearly made ont. The winter spores are in solid 
pnlvinnles, and their fructification takes place towards the end 
of winter or in the spring. This phenomenon consists in the 
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production of cylindrical tnbes, whicli atart from the upper 
extremity of the wedge-shapeil spores, or more rarely from the 
base. These tubes are straight or twisted, simple or bifurcated, 
and each of tbem. very soon emits four monosporons spicules, at 
the same time that they become septate. The aporulea are in 
this iuBtance globose. 

In Uromycis germination follows precisely 
the same type as that of the upper cell of 
J'uceinia ; in fact, Tidasue states that it is 
very difficult to say in what they differ from ' 
the Fucciaiee which are accidentally unilo- 

In Cystopus a more complex method pre- 
vails, which will be examined more closely 
hereafter. 

In Fiiceinia, as already obaerved when 
describing their structure, the pseudoaporcs 
are two-celled. From the porea of each cell, 
which are near the central septum, springs 
a clavate tube, which attains two or three 
times the total length of the fruit, and of 
which the very obtuse estreraity curves 
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This tube, making a perfectly uncoloured 
transparent membrane, is filled with a i 
granular and very pale plastic matter at " 
the expense of the generative cell, which is 
soon rendered vacant ; then it gives rise to four spicul 
on the same side, and at the summit of these produi 
form cellule. The four spomlea so engendered exhaust all the 
protoplasm at first contained in the generative cell, so that their 
united capncity proves to be evidently much insufficient to con- 
tain it, the more so as it leads to the belief that this matter 
it condenses an elaboration which diminishes its 
In all cases tho spicule originates before the spomle which 
Ties, and also attains its full length when the sporule ap- 
* Tulutne, in hia " Memoira on tbe Dradinei." 



a. The form of the latter is at Grst globnlar, then ellipsoid, 
more or less carved. All these phases of Tegetation are 
mplished in less than twelve houi^s, and if the spore ia 
mature and ready for germina- 
tioB, it is sufficient to provoke it 
by keepiug the pseudospores in a 
Isumid atmosphere. Duringthia 
process the tvo cells do not sepa- 
rate, nor does owe commence ger- 
mination before the other, but 
both simultaneously. When the 
Bporuies are produced, the proto- 
spore, somewhat analogous to a 
prothallus, has performed its 
fanctiona and decays. Towards 
the time of the falling of the 
Bporuies they are nearly all 
divided into four uneqnal cells 
by transverse and parallel septa, 
ie, from any point on their surface, 
L new sporule, resembling the first, 
but generally smaller. This 
sportde of the second genera- 
tion ordinarily detaches itself 
from its support before germi- 
nating. 

The pseudospores of Triphraij- 
mium vlmariiB have beeu seen in 
April germinating on old leaves 
of the meadowsweet which sur- 
vived the winter, whilst at the 
same time new tnfts of the spores 
were being developed on. the 
leaves of the year. These fruits 
^ of the spring vegetation would 
not germinate the same year, 
ts a long cylindrical filament, con- 
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taining a brownish protoplasm, on wliicli four spicnleB, bearing 
as many sporules, are generated. 

The germination of the black fruits of Pkvngmidium only ap- 
peara to take place in the spring. It greatly resembles that in 
Puccinia, except that the tilament is shorter, and the sporules 
are aphoricaJ. and orange-coloured, instead of being kidney- 
ehaped and pale. In tho species found on the leaves of the 
common bramble, the filament emitted by each cell attains three 
or fonr times the length of the fruit. The 
granular orange protoplasm which fills it 
passes ere long into the sporules, which 
are engendered at the extremity of pointed 
spicules. After the long warty fruits are 
emptied of their contents they still seem 
aa dark as before, but the pores which are 
pierced in the sides, through which tho 
germinating filaments have proceeded, are 
more distinctly visible. 

It will be observed that thronghout all 
these allied genera of Vromyccs, Puceinia, 
Triphrat/mium, and Phragmidium the same 
type of germination prevails, which confirms 
the accnracy of their classification together, 
and renders still less probable the sup- 
posed affinity of Pliragmidium with Spori- 
deamium, which was at one time lield by 
very astute mycologists, but which is now pBeudoBpiira of mi-ojt™*- 
abandoned. This study of germination Ji^t" fit"»jiHii. {Tut"™*-) 
leads also to a very definite conclusion with regard to the genus 
Uromyees — that it is much more closely related to Puceinia and 
its immediate allies than to other unicellular TJrediiies. 

Jhe germination of the pseudosporea of the gelatinous Ure- 
a of the genus Podisama was studied by Tnlasne.* These 

tr. Berkeley has lately publislieil 3. appcies under tho n&nio of P, Etlini, 
THiicli the gtlftlinona clement is scarcely discernible till llie plant is iDoietentd. 
There ate tiirj aepln in this a|)eeie3, find nnolhet (peuies or form liiu l»lely been 
lived from Ur. Bllia vUcli boa luaiili Bhorter pedicsla, nud rescaiblva more 
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pretended spores, he 'writes, are formed of two lai^ conical cells, 
opposed by their ba,se and easily BeparatiHg, They vary in length. 
The membrane of which they are formed is thin and completely 
coloarless in most of them, though much thicker and colonred 
brown in others. It is principally the spores with thin mem- 
branes that emit from near the middle very obtuse tubes, into 
which by degrees, as they elongate, the contents of the parent 
ntricles pass. Elach of the two c«lls of the supposed spore may 
originate near its base four of these tubes, opposed to each other 
at their point of origin, and their snbsequent direction ; but it is 
rather rare for eight tubes, two by two, to decnssato from the 
same spore or hasidium. Usually there are only two or three 




which are completely developed, and these tend together towards 
the snrface of the fungus, which they pass, and ezpaud at liberty 
in the air. The tubes generally become thicker by degrees as 
they elongate, some only slightly exceeding the length of the 
protosporee. Others attain three or four times that length, 
according to the greater or less distance between the protospore 
and the surface of the plant. In the longest tubes it is easy to 
observe how the colouring matter passes to their outer extremity, 

closel; Pueemia, from vbich it is chieQj distingnUhed b; its raTireteenl 

cimrBCter. 
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leaving' the portion neareab to the parent cell colourless and 
• lifeless. When nearly attaining their nltimate diniDnsions, all 
tlie tubes are dlviJcil towards their outer ostremitybytransverse 
septa into nnequal cella ; then simple and solitary processes, of 
variable length and form, bat attenuated upwards, proceed from 
each segment of tho initial tube, and produce at their extremity 
aa oval spore (toleiitospore, Tul.), which is slightly curved and 
nnilocalor. Those spores absorb all tho orang;e endochrome from 
tbe original tubes. They appear in immense numbers on tho 
earfaCD of the fungus, and when dotaclicd from their apicnlea 
fall upon the ground or on any object which may be beneath 
them. So freely are they deposited that they may be collected 
on paper, or a slip of glass, like a fine gold-coloured powder. 
Again, these Becucdary spores [teleuto spores) are capable of 
germination, and many of them wilt bo fonnd to have germinated 
on the surface of the Podisovia -whence they originated. The 
germ filament which they produce springs habitually from the 
aide, at a short distance from the hilum, which indicates the 
point of attachment to the original spicule. These filaments 
will attain to from fifteen to twenty times the diameter of the 
spore in length before branching, and are in themselves escoed- 
ingly delicate. The tubes which issue from the primary spores 
(protospores, Tul.) are not always siniple, but sometimes forked ; 
and the cells which are ultimately formed at their extremities, 
thongh producing filiform processes, do not always generate 
secondaiy epores (teleutospores) at their apices. This mode of 
germination, it will be seen, resembles greatly that which t^kes 
place in Puccinia. 

The germination of the Ustilagines was in part examined by 
Tnlasne, but since has received accessions through the labours 
of Dr. A. Fischer von Waldheiai.* Nothing, however, of any 
importance is added to oar knowledge of the germination of 
TUleiia, which was made known as early as 1847.t After some 

• VonffBldlieim, on tUa " DcTtlopinant of the UstilagineiE," ia " Fiingalicim's 
Jahrbnther," vol. rii, (1869); trjnslated in " TronsMtiona of N. Y. Sl*te 
AgrioDltunl Society for 1870." 

+ Berkeley, on the "Fropagutioa of Enut," in "Trans. Hort. Sue- Loiidon," 



daya a Kttle obtuse tnbe is protruded through tlie epispore, 
bearing at its apex long fusifonn bodies, wbich are the spomlea 



of the first generation. 
tranBverse tubes, after tbe i 




iDJugate by means of short 
of the threads of Ziignema. 
Afterwards long elliptical 
Bpomles of the second gene- 
ration are produced on short 
pedicels by the conjugated 
fusiform bodies of the first 
generation. (Fig. 89, «*.) 
Ultimately these Bporules of 
the second generation germi- 
nate, and generate, on short 
spicules, similar sporulea of a 
third generation. (Fig. 89, 

■'.) 

In JTslilago (Jtogeulcrttm) 
germination takes place 
readily in warm weather. The 
germ tube is rather smaller 
at its base than further on. In 
from fifteen to eighteen hours the contents become coarsely 
granular ; at the same time little projections appear on the 
tube which are narrowed at the base, into which some of the 
protoplasm passes. These nltimatcly mature into sporalea. 
At the same time a, terminal aporule generally appears on the 
threads. Secondary spomles frequently grow from the primary, 
which are rather smaller, and these occasionally give rise to a 
third generation. 

In Uroeffetig (pompho!^godee) the germinating tubes spring 
exclusively from the darker central colls of the clusters. From 
these are developed at their extremity three or four linear 
bodies, as in Tille.tia, but alter this no further development has 
as yet been traced. It may be remarked here that Waldheim 
observed similar conjugation of th» spomles in some species of 
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Vetilago as have been remarked in tbe epornles of the first 
generation in Tilletia. 

Retaming to Cystopus, aa the last of the Uredines, we lauBt 
briefly reeapitulate the observatious made by Professor de Bary,* 
wlio, by the bye, claims for them aa affinity with Peronospora 
(Mucedinea but too well known 
in connection with the potnto 
disease), and not with the Ure- 
dines and their allies. In this 
geuits there are two kinds of 
reproductive organs, those pro- 
duced on the surface of the plant 
bursting through the caticle in 
white pustules, and which Do 
Bary terms conidia-, which are ' 
generated m cliaina, and certain 

globose bodies termed oogonia., which are developed on tbe 
mycelium ia the internal tissues of the foster plant. When the 
oonidia are sown on water they rapidly absorb the moisture, and 
BWell ; the centre of one of the 
extremities soon becomes a large 
obtaae papilla resembliag tbe 
neck of a bottle. This is filled 
with a granular protoplasm, in 
which vacuole a are formed. 
Sooa, however, these vacnolea 
disappear, aad very fine lines of 
demarcation separate the pro- 
toplasm into from five to eight 
polyhedric portions, each pre- pianna divided'; 
senting a little (aiatly-eoloured j. g^Ji^"i™t|»™':(, musportB, hayuiKiMii 
vacuole in the centre (a). Soon "'^'r '"'i^ """""^""y " s"'™'™'*'' 
after this divisioa the papilla at the extremity swells, opens itself, 
and at the same time the five to eight bodies which had formed 
in the interior ai-e expelled one by one (6). These are zoospores, 

• De Bary, " RceheMhei,"-ft(!. in " Annale* dea Sciancea SiiturelleB " (1" 
wh.), jx. p. G ; Cooke ia " Pop. Sei. Oev." uL (ISSl), p. 4fi9. 
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which at first take a lenticnlar form, and groap themselves before 
the mouth of the parent cell in a globose mass (p.) Very soon, 
howCTBr, thej begin to move, and tiien yibratile cilia show them- 
selves {x/), and by means of these appendages the entire globule 
moves in an oscillating manner as one by one the zooaporea 
disengage themselves, each becoming isolated and swimming 
freely in the surrounding fluid. The movement is precisely 
tliat of the zoospores of Algi^. 

The generation of the zoospores 
hour and a. half to three hours after the sowin 
water. Fi-om the oogonia, or resting spores, 
but in greater number, are generated in the 
their conduct after becoming free is identical. 

in the water nanally last from two to three 
hours, then they abate, the cilia disappear, 
and the spore becomes immovable, takea a 
globose form, and covers itself with a 
membrane of cellulose. Afterwards the 
Bpore emits, from any point whatever of its 
Borfaco, a thin, straight or flexuous tube, 
which attains a length of from two to ten 
times the diameter of the spore. The ex- 
tremity becomes clavate or swollen, aft«r 
Pro. M.-Rerting apo« the manner of a vesicle, which receives by 
of ci»iai}.i4 caudidiu wiih degrees the whole of the protoplasm. 
looBporEB esdpacL jj^ Bftry theo proceeds to describe esperi- 

menta which he had performed by watering growing plants 
with these zoospores, the result being that the germinating 
tabes did not penetrate the epidermis, but entered by the 
atomates, and there put forth an abundant mycelium which 
traversed the intercellular passages. Altogether the gerreinft- 
tion of these conidia or zoospores offers so many differences 
from the ordinary germination of the Uredines, and is so like 
that which prevails in Peronoxpora, in addition to the fact of 
both genera producing winter spores or oogonia, that we cannot 
feel surprised that the learned mycologist who made these 
observations should claim for CystopuK an affinity with PeroTUh 
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tpora rather than with the plants bo long associated with it 
amongst tho Coniomycetei. 

In passing from these to the Mucediass, therefore, we cannot 
do so more naturally than hy means of that geaua of tvhito 
moulds to which we have just alluded. Tho erect branched 
threads bear at the tip of their branchlota spores, or conidia, 
which conduct thema^lv^cs iu a like manner to the organs so 
named in Cffglopas, and oogonia or resting spores developed on 
tho mycelium within the tissues of tho foster plant also give 
origin to similar zoospores. 

The conidia are bomo npon erect, elongated filaments, origi- 
nating from tho creeping mycelium. These threads are hollow, 
and rarely sepfaite ; the upper portion divided into numerous 
branches, and these again are subdivided, the ultimate ramnli 
each terminated by a single conidium. This body when mature 
je oval or elliptical, filled with protoplasm, but there is a diver- 
sity in their mode of germination. In the greater part, of 
which P. effa»a may be taken as an example, the conidia have 
the function of simple spoi-es. Placed in favourable conditions, 
each of them pnta forth a gerni-tube, the formation of which 
does not dilfer in any essential point li-om what is knonn of the 
spores of the greater part of fungi. 

The short oval conidia of P. gangliformis have little obtuse 
papilhe at their apex, and it is at this point that germination 
commences. 

Tlie conidia of P. densa are similar, but the germination is 
different. When placed iu a drop of water, under favoarable 
circnmstances, the following changes may be observed in from 
four to six hours. The protoplasm, at first unifonnly distributed 
in al] the conidia, appears strewn with semi-lonticalar, and nearly 
equidistant vacnoles, of which tbe plane face is immediately in 
contact with the periphery of the protoplasm. These vacuoles 
number from sixteen to eighteen in P. macrocarpa, but are less 
numerous in P. densa. A short time after the appearance of the 
Tacnoles the entire conidium extends itself so that tho papilla 
disappears. Suddenly ib reappears, elongates itself, its attenu- 
ated membrane vanishes, and the protoplasm is expelled by 
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the narrow opening that remains in place of the papilla. In 
normal cai^ea the protoplasm remains trnitod in a siag^le mass that 
shows a clear but very delicate oatline. When it has reached 
the front of the opening in the conidinm, which ia thna emptied, 
the mass romaina immovable. In P. densa it ia at first of a very 
irregnlar form, hut aaaumes by degrees a regular globose shape. 
This is deprived of a distinct membratie, the vacuoles that disap- 
peared in the expulsion again become viaible, but soon disappear 
for a second time. The glotnlo becomes surrounded with a 
membrane of cellulose, and Bi>on pata out from the point oppo- 
site to the opening of the conidium a thick tube which grows in 
the same manner as the germ-tube of the conidia in. other 
species. Sometimes the espalaion of the protoplasm is not com- 
pletoly accomplished ; a portion of it remaining ia the membrane 
of the conidium detaches itself from the expelled portion, and 
while this ia undergoing changes takes the form of a vesicle, 
which is destroyed with the membrane. It ia very rare that the 
protoplasm is not evacuated, ajid that tho conidia give out ter- 
minal or lateral tubes in the manner that ia normal to other 
species without papillte. The germination just described does 
not take place unless the conidia are entirely surrounded by water ; 
it is not sufficient that they repose upon its sarface. Besides, 
there is another condition which, without being indispenaable, 
has a sensible influence on the germination of P. macrocarpa, and 
that ia the exclusiou of light. To ascertain if the light or the 
darkness had any influence, two equal sowings were placed side 
by side, the one under a clear glass bell, the other under a 
blackened glass bell. Repeated many times, these experiments 
always gave the same result — germination in from four to six 
honrs in the conidia under the blackened glass; no change in 
those under the clear glass up to the evening. In the morning 
germination was completed. 

The conidia of P. umlieUiferarum and P. infesiaits* show 

an analogous strnctnre. These bodies, if their development bo 

normal, become zoosporangia. "When they are sown upon water, 

one sees at the end of some hours the protoplasm divided by 

* Thia a the monld wbich produces tba potato momuD. 
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very fine lines, and each of tlic parts fomislied with a gmall 
central vacnole. Then the papilla of the conidium disappears. 
In its place appears a rounded opening, by which tlie parts of 
the protoplasm are espelled rapidly, one oftir the other. Each 
of these, when free, immediatelj takes the form of a perfect 
zoospore, and commences to agitate itself. In a few moments 
the sporangiam is empty and tba spores disappear from the field 
of the microscope. 

The zoospores are oval or semi-oval, and in F. infestant the 
two cilia spring from the same point on the inferior border of 
the vacuole. Their number in a sporangium are from six to sii- 
teen in JP. iajhslaui, and fi-om sis to fourteen in P. umhdlife- 
raruia. The movement of the zoospores ceases at the end of 
from fifteen to thirty minutes. They become motionless, cover 
themselves with a membrane of celluloRe, and push out slender 
bent germ-tubes which are rarely branched. It is but seldom 
that two tubes proceed from tlie same spore. The same de- 
velopment of the zoospores in J*, infeitans is favoured by the 
oxclnfiion of the light. Plated in a position niodorately lighted 
or protected by a blackened bell, the conidia very readily pro- 
duced zoospores. 

A second form of germination of the conidia in F. infeitam, 
when sown upon a humid body or on the surface of a drop of 
water, con.sists in the conidiam emitting from its summit a, 
simple tube, the extremity of which swells itself into the form 
of an oval vesiele, drawing to itself, little by httle, all the pro- 
toplasm contained in the conidiara. Then it isolates itself from 
the gorm-tube by a septum, and takes all the essential cliaracter- 
istica of the parent conidium. This secondary conidium can 
eometimes engender a third cellule by a similar process. These 
secondary and tertiary productions have equally the character of 
sporangia. Wben they are planged into water, the ordinary pro- 
dnctiou of zoospoi'es takes place. 

Lastly, there is a third mode of germination which the conidia 
of P, infettans manifest, and which consists in the conidinm 
emitting from its summit a simple ov branched germ-tube. This 
grows in a similar manner to the conidia first named as of saeh 
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Epeeiea as P. efma. The conditions which control this form 
of ^rmination cannot he indicated, since Borne conidia which 
germinate after this manner will sometimes be found mixed 
with others, the majority of which fnmish zoospores. It may 
be that the conidia themsclTCB are in some sort of abnorm. 
condition. 

la all the species examined the conidia possess the power of 
germination from the moment of their maturity. The yonnger 
they are the more freely they germinate. They can retain thia 
power for some days or weeks, provided they are not entirely 
dried. Deasication in an ordinary temperature seemed aufflcient 
to destroy the faculty of germinating; in twenty-four honrs, when 
the conidia had been removed from the leaves on which they 
were produced. They none of them retained the faculty during 
B. few months, hence they cannct preserve it during the winter. 

The germs of Peronoipora enter the foster plant if the spores 
are sown npon a part saitable for the development of the 
parasite. It is easy to convince one's self that the mycelinm, 
springing from the penetrating germs, soon takes all the 
characters that are found in the adult state. Besides, when 
cultivated for some time, conidiiphoroua branches can be seen 
growing, identical with those to which it owes its origin. Snch 
cultivation is so readily accomplislied that it can be made upoa 
cnt leaves preserved fresh in a moist atmosphere. 

In the species of Peronospora that inhabit perennial plants, or 
annnal plants that last through, the winter, the mycelium hidden 
in the tissues of the foster-plant lasts with it. In the spring it 
recommences vegetation, and emits its branches into the newly- 
formed organs of its host there to fructify The Peronotpora 
of the potiito is thns> p 1 ly m f its mycelium con- 

tained in the bromne It f t! d 1 tubers. When in 

the spring a diseased p t t h t g w tiie mycelium rises 

in the stalk, and so b tray ts If by bl ckiah spots. The 
parasites can fructify b d tly n tl I ttle sbilks, and in 
consequence propagat th m 1 tl new season by the 

conidia coming from the vivacious mycelium. 

The diseased tubers of the potato always contain the myce- 
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linm of p. infestani, which never frnctifiea there as lorg as the 
skin of the tnher ia intact. But when, in cntting the tnber, the 
parenchyma ODCUpied by the mycelium is exposed, to the contact 
of the air, it covers itself with eoniilia-henrinp branches at the 
end of from twenty-four to forty-eight hoars. Analogous results 
ore obtained with the stalks of the potato. It is evident that 
in these experiments nothing is changed except the contact of 
the air; tlie specific conditions particularly reiaain the same. 
It appears, therefore, that it is tliis contact alone which deter- 
mines generally the production of the coiiidiiferous branches." 

The niodo of germination and development in tlie Mucors has 
been studied by severnl obaervors, but most recently by Van 
Tieghem and Le Monnier.t I" one of the common forms, the 
JlTacor phijcamijcEs of some authora, and the Phycomyceg nilens 
of others, the process is given in detail. In this species germi- 
nation will not take place in ordinary water, but it readily takes 
place in orange juice and other m edia. The spore loses colour, 
swells, and absorbs fluid around it until double its original size 
and ovoid. Then a, tliick thread is emitted from one or both 
estrcniities, which elongates and liecomcs branched in a pinnate 
manner. Sometimes the cxuspoi'e is ruptured and detached 
loosely from the germinating spore. After about forly-eight 
hours from the first sowing, the mycelium will send branches 
into the air, which again become abundantly branched ; other 
short submerged branches will also remain simple, or have tnft- 
like ramifications, each terminating in a point, so as to bristle 
with spiny haira. In two or three days abruptly swollen 
brandies, of a club shape, will make their appearance on the 
threads both in t!ie air and in the fluid. SometiBiea those 
branches are prolonged into an equal number of sporangia- 
bearing threads, bat most frequently they divide first at their 
swollen summits into numerous branchea, of which usually one, 

" De Bary, " Champignons pirasitiquea," in " Annales ilea Sul Lfut." (1™' 
«4r,), »». p. 5 ; Cooke, "Mieroscopio Funsi," cap. si. p. 13S ; "Populflt Sclenoe 
Ilerie»,"m. 193(1864). 

t Von Ticgbem and Le Monnier, " Researuhei on Muooi'iai,"in "Ann. dea 
Sd, NaL" (1S73), xvii< p. SCI ; Snmmar; ia "Quart. Jonrn, Micni. Boieau" 
^9ild «T ), »iv, [.. (9- 
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Bometjmea two or Ibree, develop into fiporaiigia,-beariDg threads, 
wliile the rest are Bhort, poioted, and forrn a tnft of rootJetSi- 
Sometimes these rootlets reduce themselves to one or inor^ 
roanded protuberances towards the base of the Bporangia-beae- 
ing threads. 

There are often also a certain, number of the branches 
which had acquired a clavata shape, and do not 
themselvea above the surface, instead of producing a fertile 
thread, which would seem to have been their first intention, 
become abruptly attenuated, and are mureiy prolonged into B 
mycelial filament. Although in other species chlamydospores 
are formed in sueh places on the mycelium, nothing of the kind, 
has been traced in this species, more than here indicated. Occo-' 
sionally, when germination is arrested prematurely, certain 
portions of the hyphie, in which the protoplasm maintains 
vitality, become pai'titioned off. This may be interpreted as a 
tendency towards the formation of chlamydospores, but there is 
no condensation of protoplnsm, or investitm-e with a special 
membrane. Later on this isolated protoplasm is gTudually 
altered, separating into eomewhat regular ovoid or fusiform. 
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granules, which have, to a certain extent, the appearance o 
in an aacus, but they seem to be incapable of germinatio 
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Another method of reproduction, 
is deBcribed ty Taa Tieghem. in 
threads on the eubstrituni by degi'C 
these, contrary to the mode in othe 



in irveorini, 
this Kpccies. Conjugating 
!S elaborate eygospoi'es, but 
species, are surronnded by 
s branched processes which emanate iVom the arcuiite cells 
on either aide of the newly- developed zygospore. This sjatem 
of reproduction is again noticed more in detail in the chapter 
on polymorphism. 

M. de Seynes has given the details of his examination of the 
sporidia of Morekella eaculenia during germination.* A nnmber 
of these sporidia, placed in water in the morning, presented, at 
nine o'clock of the same evening, a sprout from one of the 
extremities, measuring half the length of the spore. In the 
morning of the next day this sprout had augmenfed, and 
become a filament three or four limea as long. The nest day 
these elongated filaments exhibited some transverse divisions 
and some ramifications. On the third day, the germination 
being more advanced, many more of the sporidia were as com- 
pletely changed, and presented, in consequence of the elongation, 
the appearance of a cylindrical ruffle, the cellular prolongations 
arising from the germination having a tendency towards one of 
the extremities of the longer axis of the sporidium, and more 
often to the two opposed extremities, either simaltaneonaly or 
snccessively. Oat of many hundreds of sporidia exaniined 
daring germination, he had only seen a very few exceptions to 
this mle, among which he had encountered the centrifugal 
tendency to vegetate by two opposed filaments, proving that if 
it bears a second by tbe side of the primal filament situated at 
one of the poles, a eccond would also be seen from tlie side of 
Ibe filament coming from the opposite pole. 

Before being submitted to the action of water, the contents 
of the sporidia seemed formed of two distinct parts, one big 
drop of yellow oil of the same form as the spoi'idium, with 
the space between it and the eel! wail occupied by a clear liquid, 
mors flaid and less refractive, ijearly colouriess, or at times 
slightly roseate. As the membrane absorbed the water by 



•S.?-.. 



IB Flore Mjm 



which it was Burrounded, the ijuantity of this clear liquid was 
augmented, and the rosy tint could he more easily distinguished. 
All the contents of the spore, which up to this time remained 
divided into two parts, presented altogether one aspect, only con- 
taining nnmerous granulations, nearly of equal size, completely 
filling it, and reaching the inner face of the sporic membrane. 

After this time the Bporidiara augments in size very rapidly, 
becoming at times irregular, and sometimes even as much as 
fiom two to three times its original dimensions, then there 
appears at the scriaoc, nsuaDy at one of the poles of the ellipse, 
a small prominence, with an extremely fine membrane, which 
does not appear to separate itself from that which surrounds the 
sporidium, and it is difficult to say whether it is a prolongation 
of the internal membrane going across the outside, or simply a 
prolongation caused by a continuation of tissue of an unique 
membrane. Sometimes there may be seen at the point where 
the prima! filament issues from the sporidium a circular mark, 
which appears to indicate the rupture of the external membrane. 
From this time another change comes over the contents. We 
again find the yellow oily liquid, now occupying the external 
position, with some drops of colourless or roseate liquid in the 
centre, so that the oily liquid and the more limpid fluid 
interchange the positions which they occupied previous to 
the commencement of germination. Whether these two fluids 
have undergone any change in their constitution is difficult to 
determine, at all events the oily liqnid appears to be less refrac- 
tive and more granular, and it may be that it is a prodnct of 
new formation, containiiig some of the elements of the primitive 
oily drop. Having regard to the delicate character of the mem- 
brane of the germinating filaments, De Seynes supposed that it 
might offer greater facility for the entrance of water by endos- 
mose, and account for the rapid enlargement of the sporidia. By 
a series of experiments ho became satisfied that this was the 
case to a considerable extent, bnt he adds : — " I cannot help 
supposing that a greater absorption of greasy matter in the cell 
which is the first product of germination raises an objection to 
an aqueous endosmose. One can also see in this experience a 
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proof of the existence of two Epeciol memliraDeE, and so suppose 
that the germinative cell is the coatitiaation of the internal 
membrane, the external membrane alone being susceptible of 
absorbing the liquids, at least with a certain rapidity." 

In other iJuciyniyeEtet germination takes place in a similar 
manner. Boudier* narrates that in Aecobolut, when once the 
spore reaches a lavounible place, if the circumstances are good, 
i.e., if tie temperature is suft'tiently high and the moisture 
sufficient, it will germinate. The time necessary for this pur- 
pose ia variable, some hours sufficing for some 
Bpecies ; those of A. viridh, for example, germi- 
nate in eight or ten hours, doubtless because, 
being terrestrial, it bas in consequence less heat. 
The spore sligbtljr augments in size, then opens, 
generally at one or other extremity, sometimes at 
two, or at any point on its surface, in oi-der to 
pass the mycelium tubes. At first simple, wilh- 
ont septa, and granular in the interior, above 
all at the extremity, these tubes, the rudiment of 
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branching, and later in having partitions. These 

filaments are always colourless, only the spore 

may be coloured, or not. Coemans has described 

them as giving riss to two kinds of conidia,f the Fio, 

ore having the form of TuruJa, vi-hen they give ''^'^J^tin''""'"^"' 

rise to continuous filaments, the other in the form 

of I'enieillium, when they give birth to partitioned filaments. 

De Seynes could never obtain this result. Many times he had seen 

the PeniciUium glaucnm invade his sowings, but he feels confident 

that it had nothing to do with the Ascobolug. M. WoroiiinJ 

has detailed sorae observations on the sexual phenomena which 

he has observed in AscohoJus and Feniza, and so far as the scole- 

c te 8 n m d these have been confirmed by M. Boudier. 

B Ji moire snr l'AiiTO!)nlc9,''pL i. iv.E 13-15. 

+ Coem iciluge Mjcologique," J. p. 6. 

1ft AbLaodlungeQ der SeDchenberEisuhen Katarfor. Gpsctlscbnft'' 
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There is no reason for doubt that in other of the Diseomycetes 
the germination of the sporidia is very similar to that ab'eady 
seen and described, whilst in the Pyrenomycetes, as far as we are 
aware, although the production of germinating tubes is by no 
means difficult, development has not been traced beyond this 
stage.* 

* In the very important obseirations made by Dr. Cunningham at Calcutta^ on 
subetanoes floating in the atmosphere, it api)eared that the sporidia of many 
Spharia actually germinated after being taken up by the air. The multitude 
of fungus spores which were obserred in every case was quite eztraordinaiy. 
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Ths existeoce of Eome sort of Eemal Tvprodnctioo in f^ingi has 
long been enspected, aJtLongli ia eaHier instances upon insnf- 
ficient grOTinds ; bat of late years observations hare maltiplied 
and facts accunmlated wbich leave no doabt of its existence. If 
the Saprolegnue are led ont of tlie qnestion as disputed Fnngi, 
there EtiU remain a number of well anthenticated instances of 
the pbcnomena of copulation, and many other facts which 
indicate some sort of scxaal relationship, The precise manner 
in which those rainat« bodies, so commotL amon^t the 
Sphieronemei, which we prefer to call stylospores, perform 
their functions is still to a great extent a mjstery ; vet it is 
no longer doubted tbat certain species of Aposphteria, Phoma, 
Septoria, &c., are only conditions of some species of Sphieria, 
often developed and matured in close proximity to thcia on the 
same host. In ^Ecidium, liiEslelia, 4c., spcrniogonia are produced 
plentifiilly on or near the same spots on which the fructification 
appears, either simultaneously or at a later period.' Tlie rela- 
tion of C^tiipora to Valia was suspected by Fries very many 
years ago, and. as since demonstrated, with very good reason. 
All attempts, however, to establish anything like sexual repro- 
duction in the higher forms of Jlymenomi/celai hnvo at present 
been onsnccessful ; and the same may be said of tho Oaelfromy- 
cete» ; but in Ascomi/cetes and Pki/somycetes instanoes abound. 
We know not whether any importance is to be attached to the 
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views of M. A, S. CErsted,* which have not since been con- 
firmed, but which have been cited with some approval by Pro- 
fessor de Baiy, as to a trace of sexual organs in Hymenomycetes. 
He is supposed to have seen in Agaricjis variabilis. P., oocysts 
or elongated reniform cells, which spring up like rudimentary 
branches of the filaments of the mycelium, and enclose an abun- 
dant protoplasm, if not even a nucleus. At the base of these 
oocysts appear the presumed antheridia, that is to say, one or two 
slender filaments, which generally turn their extremities towards 
the oocysts, and which more rarely are applied to them. Then, 
without ulteriorily undergoing any appreciable modifications, the 
fertile cell or oocyst becomes enveloped in a network of fila- 
ments of mycelium which proceed from the one which bears it, 
and this tissue forms the rudiments of the cap. The reality of 
some kind of fecundation in this circumstance, and the mode of 
the phenomena^ if there is one, are for the present equally un- 
certain. If M. CErsted's opinion is confirmed, naturally the 
whole of the cap will be the product of fecundation. Probably 
Karsten (Bonplandia, 1862, p. 62) saw something similar in 
Agaricus campestris, but his account is obscure. 

Id Phycomyces the organs of reproduction have been subjected 
to close examination by Van Tieghem,t and although he failed 
to discover chlaraydospores in this, he describes them in other 
Mucors. In this species, besides the regular sexual develop- 
ment, by means of sporangia, there is a so-called sexual repro- 
duction by means of zygospores, which takes place in this wise. 
The threads which conjugate to form the zygospores are slender 
and erect on the surface of the substratum. Two of these 
threads come into close contact through a considerable length, 
and clasp each other by alternate protuberances and depressions. 
Some of the protuberances are prolonged into slender tubes. At 
the same time the free extremities of the threads dilate, and arch 

* (Eersted, ia "Verhandl derKonig. DSn. Gesell. DerWissensch,"lst January, 
1865; DeBary, " Handbuch der Physiol. Botanik •* (1866), p. 172; "Annales 
dcs Sci. Nat." (5"* s^r.), vol. v. (1866), p. 366. 

+ Van Ticghemand LeMonnier, in **Annales des Scl Nat." (1873), vol. xvii. 
p. 261. 
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over one towards the other uutil their tops tooeh like a vice, 
each limb of which rapiiily increases in size. Each of these 
arcuate, flavate cells has now a portion of its extremity isolated 
by a partition, by means of which a new hemispherical cell is 
formed at the end of each thread at its point of junction with 
the opposed thread. These cells become afterwards cylindrical 
by pressure, the protoplasm ia agg^regated into amass, the donble 
membrane at the point of first contact is absorbed, and the two 
confluent masses of protoplasm form a zygospore invested with 
a tubercular coat and enveloped by the primary wall of the two 




conjugating' cells. During this formation of the zygospore, the 
two arched cells whence the zygospore originated develop a 
series of dichotomous processes in close proximity to the walls 
which separate them from the zygospore. These processes 
appear at first on one of the arcaate cells in successive order. 
The first makes its appearance above upon the conves side ; the 
succeeding ones to the right and left in descending order ; the 
last is in the concavity beneath. It is only after the development 
of this that the first process appears on the opposite cell, which is 
followed by others in the same order. These dichotomous pro- 
cesses are nothing more than bi-anches developed from the arcuale, 
or motiier cells. During all these changes, while the zygospore 
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enlarges, the wall of the arcurtite cella booomoa coloured brown. 
This colouring is more marked on the convex side, and it sliowa 
itself first ill the cell on which the dichotomoua branches are 
first produced, and which retains the darker tint longer than tho 
other. The zone from whence the processes issue, and also the 
processes themselves, have their walls blackened deeply, while 
the walls of the conjugated cells, which continue to clothe the 
zygospore during the whole of its development, are bluish-black. 
By pressure, the thin brittle coat which envelopes the zygospore 
is ruptured, and the coat of the zygospore exposed, formed of a 
thick cartilaginous membrane, studded with large irregular warfca. 

The genoiuation of the zygospores in this species haa not as 
yet been observed, but it is probably tho same or very similar to 
that observed in other speeiea of Miicor. In these the rough 
tuberculate epispore splits on one side, and its interual coat 
elongates itself and protrudes as a tube filled with protoplasm 
and oil globules, terminating in an oi-dinnry sporangium. 
Usually the amount of nutriment contained in the zygospore 
is exhausted by the formation of the terminal sporangiam, ac- 
cording to Brefeld ;• but Van Tieghem and LeMonnier remark 
that in their examiaatious they have often seen a partition 
formed at abont a third of tho length of the principal filament 
from the base, below which a strong branch is given off, and 
this is also terminated by a large sporangium. 

Do Bary has given a precise account of the formation of the 
zygospore in another of the Mneors, Rhizopus nigricans, in which 
he says that the filaments which conjugate are solid rampant 
tabes, which are branched without order and confusedly inter- 
mingled. Where two of these filaments meet each of them, 
pushes towards tho other an appendage which is at first cylin- 
drical and of the same diam.eter. From the first these two 
processes are applied firmly one to the other by their extremities; 
they increase in size, become clavate, and constitute together 
a fusiform body placed across the two conjugated filaments. 
Between tho two halves of this body there exists no constant 
difference of fha ; often they are both perfectly equal. In each 
* Brefeld, "Bo(. Unt. nbec Schliamelpilze," p. 31. 
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s collected an abundaoce of protoplasm, and when they 
Lave attained a certain development the largest cstreniity of 
each is isolated by a septum, from the clavule, which thas becomes 
the support or suspender of the copulative cell. The two conju- 
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gated cells of the fusiform body are generally unequal ; the one 
is a cylinder as long as it is broad, the other is disciform, and 
its length is only equal to half its breadth. The primitive mem- 
brane of the clavule forms between the copulative cells a solid 
partition of two membranes, but soon after the cells have become 
defined the medial partition becomes pierced in the centre, and 
then Boon entirely disappears, so that the two twin cells are 
confonnded in one single zygospore, which is due to the union 
of two more or less similar utricles. Ader ite formation the 
zygospore still increases considerably in size, and acquires a 
diameter of more than one-fitlh of a millimetre. Its form is 
generally spherical, and flattened on the faces which are united 
to the suspenders, or it resembles a slightly elongated cask. 
The membrane thickens considerably, and consists at the time 
of maturity of two superposed integuments ; the exterior or 
epispore ia solid, of a dark blackish-blue colour, smooth on the 
plane fates m contact with the suspenders, but covered every- 
where else with thick warts, which are hollow beneath. The 
endosporo is thick and composed of several layers, colourless, 
and covered With wart^, which coiTespond and fit into those of 
the epispore. The contents of the zygospore are a coarsely 
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granular protoplasm, in whicli float large oleaginous drops. 
While the zygospore is increasing in size, the snspender of the 
smaller copulative cell becomes a rounded and stipitat« utricle, 
often divided at the base by a septum, and whicli attains almost 
to the size of the zygospore. The suspender of the larger copu- 
lative cell preserves its primitive form and becomes scarcely any 
larger. It is rare that there is not a considerable difference of 
size between the two conjugated cells and the suspenders.* 

Similar conjugation with like results also takes place in 
Syzygites megalocarpus. In this species the germination of the 
zygospores has been observed. If, after a certain time of repose, 
these bodies are placed on a moist substratum, they emit a 
germ-like tube, which, without originating a proper mycelium, 
develops at the expense of the nutritive material stored in the 
zygospore into a carpophore or fruit bearer, which is many times 
dichotomously branched, beariug terminal sporangia character- 
istic of the species. 

It has already been remarked by us that the Saprolegnei are 
claimed by some authors as Algae, whilst we are more disposed 
to regard them as closely allied to the Mucors, and as they 
exhibit in themselves strong evidence in support of the existence 
of sexual reproduction, we cannot forbear giving a summary of 
what has been observed by De Bary and others in this very 
interesting and singular group of plants, to which M. Comu has 
recently dedicated an exhaustive monograph.f 

In Saprolegnia monoica, and others, the female organs consist 
of oogonia — that is to say, of cells which are at first globose and 
rich in plastic matter, which most generally terminate short 
branches of the mycelium, and which are rarely seen in an 
interstitial position. The constitutive membrane of the adult 
oogonia is reabsorbed in a great many points, and is there 
pierced with rounded holes. At the same time the plasma is 
divided into a larger or smaller number of distinct portions, 
which are rounded into little spheres, and separate from the 

* De Bary, ** Moi-phologie und Physiologie der Pilze," cap, 6, p. 160 ; 
"Ann. des. Sci. Nat." (1866), p. 343. 
t Comu, in "Ann. des Sci. Nat.*' (5"« s6r.), vol. xv. p. 1 (1872). 
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walls of the conceptacle in order to group themselrea at tlio 
centre, where tliey Boat in a watery fluid. These gonospheres 
are then smooth and bare, with no membrane on their snrfaBe 
of the nature of cellulose. 

During tlie formation of the oog-onia there arise from its 
pedicel or from neighbouring filaments slight cylindrical curved 
branches, sometimes turned round the support of the oogonia, 
and which all tend towards this or^an. Their superior extremity 
is intimately applied to ita wall, then ceases to be elongated, 
becomes slightly inflated, and is limited below by a partition; 
it is then an oblong cell, slightly 
curved, filled with protoplasm, and 
intiaiaf«ly applied to the oogonia — 
in faot, an antheiidium or organ of 
the male sex. Each oogonium pos- 
sesses one or several anthetidia. 
Towards the time when the goiio- 
apberes are formed it may be ol>- 
Eerved that each, antheridium gcnds 
to the interior of the oogonia one 
or several tubular processes, which 
have crossed its side wall, and which 
open at their extremity in order to 
discJiarge their contents. These, 
while they are flowing out, present 
and which, considering their reseniblauce to those in Vaueheria, 
to which the name of spermatozoids are applied, ought to- be 
considered as the fecundating corpuscles. Alter the evacuation 
of the antheridia the gonospheres are found to be covered with 
cellulose ; they then constitute eo many oospores, with solid 
walls. De Bary considers that, bearing in mind analogons 
phenomena observed in Vaueheria, and the direct observations 
of Pringslieim,* the cellulose membrane on the surface of the 
gonospheres is only the consequence of a sexual fecundation. 

In Achlya dioica the antheridium ia cylindrical, the plasma 

which it encloses is divided into particles, which attain nearly 

' PriDgalieim's " JnJiibuclier," toL ii. p. 163. 
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tlie Bizo of the zoospores of the Bame plant. Theeo parUcles 
become globose cells, gronped in the centre of the aotheridiiun. 

Afterwards the contents of these Litter cells becomo divided 
into numerous bacillary fipermatozoida, which first break the 
wall of their motber cell, and then issue from the aatberidium. 
Theso rod-like corpuscles, which resemble the spermatozoids in 
Vauckeria, have their movemects essistcd by a long cilium, lb 
is presumable that here, as in the Algie, the spennatoEoids 
introduce themselves into the cavity of tbo oogoniuro, and unite 
with the goooBpheres. 

Amongst obscure and doubtful bodies are those described 
by Pringsbeim, which have tbeir origin in thick filaments or 
tubes, similar to those which form the zoosporangia, and re- 
preseot bo many distinct little masses of plasma within an 
homogeneous parietal ganglion. The contour of these plastic 
masses is soon delineated in a more precise manner. We 
see in tbeir interior Bome homogeneous grannies, which 
are at first globose, then oval, and finally ti-avel to the 
enlarged and ampullteform extremity of the generating tube. 
There they become rounded or oval cells covered with cellu- 
lose, and emit from their surface one or eereral cylindrical 
processes, which elongate towards the wall of the conceptacle, 
and pierce it, witliout, however, ever projecting very far beyond 
it. At the same time the lacunose protoplasm of each cell 
becomes divided into a number of corpuscles, which escape by 
the open extremity of the cylindrical neck. They resemble in 
their organization and agility the spermatozoids of AMya diaica. 
They soon become motionless in water, and do not germinftto. 
During the development of theso organs, (he protoplasm of tho 
utricle which contains them offers at first completely normal 
characteristics, and disappears entirely by degrees as , they 
increase. De Eary and Pringshelm believe that theso organs 
constitute the antheridia of the species of Saprolejnia to which 
they belong. 

The oospores of tho SaproleJfnix, when arrived nt maturity, 
possess a tolerably thick double iutegnment, consisting of an 
epispore and an endospore. AfW a considerable time of repose 
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thoy give rise to tubular or vesicular germs, wliich, without 
bfin^ much elongated, produce zooBporea,* 

De Bary lias claimed for the oogodia in Ci/glopus and Perono- 
epora a kind of fecundation wliich deserves mention liere.f 
These aame frnitB, he says, wiii-ch owe their origin to eesual 
organs, should bear the namea of oojonin and anlheridia, ao- 
coi-diiig to the terminology pi-oposed by Pi'iugaheim for analo- 
goas organs in the AlgoB. The formation of the oogonia, or 
female organs, commences by the terminal or interstitial swelling 
of the tubes of the mycelium, wliich increase and tulce the form 
of large spherical or oboval cells, and which separate themaelvea 
by septa from the tube which carries them. Their membrane 
encloses granules of opaque protoplasm, mingled with numerous 
bulky graJiules of colourless fatty matter. 

The branches of the mycelium which do not bear oogonia 
apply their obtase extremities against the growing oogonia ; 
this extremity swells, and, by a transverse partition, separates 
itself from the supporting tube. It is the antheridium, or male 
organ, which is formed by this process ; it takes the form of an 
obliqoely clavate or obovate cellule, which 
IB always considerahly smaller than the 
oogonium, and adheres to its walla hj a 
plane or convex area. The slightly thickentd 
membrane of the antheridia encloses piotn- 
plasm which is finely granular. It is> seldom 
that more than one antlieridmni applies 
itself to an oogonium. 

The two organs Laving togelher achieved ^^^ ^^ -crmi^^Uan !n 
their development, tlie large granules con- ;'„„„o.j,mw ,■ n. a-Mo-i- 
tained in the oogonium accumulate at its ''"'"'■ (Do Cari.) 
centre to group tliemselves under the form of on irregular 
globule deprived of a proper membrane, and surrounded by a 
bed of almost homogeneous protoplasm. This globule is the 
t/onotphere, or reprodnctivo splicrc, which, ihrongh the means of 

• DeBnrr. in " Annslea dea Suiancea Nuturelles" (.''i'" s6r.), vol. v. (1888), 
p. Sii; Uoffmoirter's " Hun^lLiook " (Fungi), wp. t. p. l.'iS. 

t 1>« Bftry, in " Annnl™ dcs aci. StX." {4"" sir.), vol. m. p. 129. 
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fecundation, ahonld become the reproductive body, vegetable 
egg, or oospore The gonoaphere having been formed, the 
antheridium shoots ont from the centre of its face, close against 
the oogonmm, a straight tabe, which perforates the wails of 
the female cell, aud traversing the protoplasm of its penphery, 
directs itself to the gonoaphere It ceases to elongate itself 
as soon as it touches it, and the gonosphere becomes clothed 
with a membrane of ceHiilo^e and takes a regular spheroidal 

Considering the great resemblance of these organs with the 

^,,_--^3^-.^ sexual organs of the Saprolegmaa, which 

/ are closely allied to the Algse, and of 

which the pcinahty has been proved, 

( Ue Ban adds we bave no doubt whatr 

ever that the phenomena just described 

jj ,_^ ^ represent an act of fecundation, and 

Fm w — Aatheridis and *''** ^^^ ^^^ pushed out by the anthe- 
oogoDium oi Pr oiwipora (De ridium should be regarded as a fecan 
®"' * dating tube It is remarkable that 

amongst these fungi the tube projected by the anthendium 
eflects fecnndation only by contact Its extremity never opens, 
and we neier find anthetozoids, on the contrary, the anthe- 
ridium presents, up to the maturity of the oospore, the appear- 
ance which it presented at the moment of fecundation. 

The primitive membrane o£ the oospore, at first very thin, 
soon acquires a more sensible thickness, and becomes surrounded 
by an external layer (epospore), which is formed at the expense 
. of the protoplasm of the periphery. This disappears in propor- 
tion as the epispore attains maturity, and finally there only re- 
mains a quantity of granules, suspended in a transparent watery 
fluid. At the period of maturity, the epispore is a slightly thick- 
ened, resistant membrane, of a yellowish-brown coloar, and finely 
punctate. The surface is almost always provided with brownish 
warta, which are lai^e and obtuse, sometimes isolated, and some- 
times confluent, forming irregnlar crests. These warts are com- 
posed of cellulose, which reagents colour of a deep blue, whilst 
the membrane w-hich bears them preserves its primitive colour. 
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One of the warts, larger than the rest, and recognizable by its 
cjUridrica] form, always forms & kind of thick sheath e 
the fecundating tube. The ripe endospore is n, thick, t 
coloiirlesa membrane, composed of cellnloso containing a bed of 
finely granulated protoplasm, which surroands a great central 
vacuole. This oospore, or reslinp; spore, may remain dormant 
in this state within the tissuea of the foster plant for some 
months. Its ultimate development by production of zoospores 
is similar to the production of zoospores from conidia, which 
it is unnecessary to repeat hero. The oospore becomes an 
oosporangium, and from it at least a hundred germinating 
bodies are at length expelled. 

Amongst the principal observers of certain phenomena of copu- 
lation in cells formed in the earliest stages of the Siseomr/cetes 
are Professor de Bary,* Dr. Woronin,! and Messrs. Tulasne.J 
In the Atcoholua pulcherrimiis of Crouan, Woronin ascertained 
that the cup derives its origia from a short and flexible tube, 
thicker than the other branches of the mycelium, and which is 
soon divided by transverse septa, into a series of cells, the succes- 
sive increase of which finally give.s to the whole a toruloso and 
unequal appearance. The body thus formed he calls a " vermi- 
form body." The same observer also seems to have convinced 
himself that there exists always in proximity to this body certain 
filaments, the short arched or inflected branches of which, like 
so many antheridia, rest their anterior extremities on iha utri- 
form cells. This contact seems to communicate to the vermiform 
body a special vital energy, which is immediately directed towards 
the production of a somewhat filamentous tissue, on which the 
hymenium is at a later period developed. This "vermiform 
body " of M. Woronin has sinco come to be recognised under 
the name of " scolecite." 

Tulasne observes that this " scolecite " or ringed body can be 
readily isolated in Aecohohis furfuraceus. When the young re- 

• DeBary, in " ADHaleB des Scieneea Niturellra" (S^-aer.), p. 343. 
+ Woronin, In Da Harm's "Eiitr. lur. Morph. und Phyeiol. der FilKe," ii. 
(1866), pp. l-I!. 
1 Tnlaane, "Ann. des ScL Nat." {5"« a4r.), October, ISSB, p. 2J!. 
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ceptaoles are still spherical aud white, and bave not attained a 
diameter eiceeding the one-twentieth of a millimetre, it is suffi- 
cient to compress them slightly in order to rupture them at the 
summit and expel the " scolecite." This occnpies the centre 
of the little sphere, and ia formed of from eix to eight cells, 
curved in the shape of a comma. 

In Pe^iza melanolomit, A. and S., the same observer succeeded 
still better in his searches after the scolecite, which he remarks 
13 in this species most certainly a lateral branch of the filaments 
of the mycelium. This branch is isolated, simple, or forked at a 
short distance from its base, and in diameter generally oscoeding 
that of the filament which bears it. This branch is soon arcuate 
or beat, and often elongated in describing a spiral, the irregular 
turns of which are las or compi-esscd. At the same time its 
interior, at first continuous, becomes divided by transverse septa 
into eight or ten or more cells. Sometimes this special branch 
lerminates in a crozier shape, whicJi is involved in the bent part 
of another crozier which terminates a neighbouring filament. In 
other cases the growing branch is connected, by its extremity, 
with that of a. hooked brancTi. These contacts, however, did 
not appear to Tulasac to be so mnch normal as accidental. But 
of the importance of the ringed body, or " scolecite," there was 
no room for doubt, as being the certain and habitual rudiment 
of the fertile cup. In fact, inferior cells are produced from the 
flexuous filaments which creep about its surface, cover and sur- 
round it on all sides, while joining themselves to each other. 
At first continuous, then septate, these cells by their nnion con- 
stitute a cellular tissue, which increases little by little until the 
scolecite is so closely enveloped that only its superior extremity 
can be seen. These cellular masses attain a considerable volnxaa 
before the hymenium begins to show itself in a depression of 
their sammit. So long as their smallnoss permits of their being 
seen in the field of the microscope, it can be determined that 
they adhere to a single filament of the mycelium by tho base of 
the scolecite which remains raked. 

Although Tulasne oould not satisfy himself of the presence 
of any act of copulation in Agcoholut furfuraceus, or Peziza 
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tnelanoloma, he was more successful with Peziza omphahdei. 
Aa early aa 18G0 Le recognized the large globose, seasile, and 
grouped vesicles. wbich originate the fertile tissue, but did not 
comprehend the part which these m.acrocyata were to perform. 
Each of these emits from its summit a cylindrical tube, generally 
fleiuous, but always more or less bent io a crazier shape, Bonie- 
times attenuated at the extremity. Thus provided, these utricles 
resemble so many tua-shaped, narrow-necked retorts, filled witb 
a granular thick roseate protoplasm. In the middle of these, 
and from the name filaments, are generated elongated clavate 
cells, with paler contents, more vacuoles, which Tulasne names 
paraci/eU. These, though produced after the macrocysts, finally 
exceed them in height, and seem to carry their summit so as to 
meet the crozier-like prolongatioas. It woald bo difficult to 
determine to which of these two orders of cells belongs the 
initiative of conjugation. Sometimes the advance seems to be 
on one side, and sometimes on the ether. However this may be, 
the meeting of the extremity of the 
comiecting tube with the summit of 
the neighbouring paracyst is a con- 
stant fact, observed over and over 
again a hundred times. There is no 
real junction between the dissimilar 
cells above descrihed, except at the 
very limited point where they meet, 
and there a circular perforation may 
be discerned at the end, defined by a 
round swelling, wliich is either barely 
visible or sometimes very decided. 
Everywhere else the two orcaus may ^'"- i*".— conjumtipn in Fniza 
be contiguous, or more or less near to- 
gether, but they are free from any adherence whatever. If the 
plastic matters contained in the conjugated cells influence one 
another rfeciprocally, no notable modification in their appearance 
results at first. The large appendiculate cell seems, however, to 
yield to its consort a portion of the plasma it contains. One 
thing only can bo aSirmcd from these phenomena, that the con- 
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jngated cella, a'lpeoially the larger, wither and empty themselves, 
while the upright compressed filaments, which will ultimately 
coDStitnte the asci, increase and multiply.* 

Certain phenomena concerned in the development of the 
Ergsiphei belong also to this connection. The myceliom of 
Erygiphe eichoracearam, hke that of other species, consists of 
branched filaments, crossed in all directions, which adhere aa 
they climb to the epidermis of the plant on which the fungus 
lives aa a parasite. The perithecia are engendered where two 
filaments cross each other. These swell slightly at this point, 




and each emits a process which imitates a nascent branch, and 
remains upright on the sarface of the epidermis. The process 
originating from the inferior filament soon acquires an oval form 
and a diameter double tliat of the filament ; then it becomes 
isolated from it by a septom, and constitutes a distinct cell, 
which De Baryf terms an oocyst. The appendage which pro- 
ceeds from the inferior filament always adheres intimately to 
this cell, and elongates into a slender cylindrical tube, which 

* Tnlasne, "On the PheaomeDa of Copulation in certain Fungi," in "Aim. 
JesScL, Nat." (lSfl6), p, 211. 

t I>« Bary, " Morphologie uud riija. iler Pilse," cop. v. p. 162. 
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termmatea in an obtuse manner at tbe snmmit of tbe same cell. 
At its base it is alsa limited hj a s«ptam, and soon after anotber 
appears a lijtie below its extrtmit^y at a point indicated before- 
hand by a constriction. This new septum defines a terminal 
sbort obtuse cell, tbe antberidinm, which is thns borne on a 
narrow tabe like a sort of pedicel. Immediatclj after the 
formation of the antbcridia new productions show themselves, 
both aronnd tbe oocyst and within, it. Underneath tin's cell eight 
or ten tubes arc seen to spring from the filament which bears it; 
these join themselves bj the sides to each other and to tbe pedi- 
cel of the antheridiam, whOe they apply their inner face to tbe 
oocyst, abore which their eitrcmities soon meet. Each of tbe 
tnbes is then divided by transverse septa into two or three dis- 
tinct cells, and in this manner the cellular walls of the peri- 
thecia come into existence. 

During this time the oocyst enlarges and divides, withoat 
ilB being possible preeisely to determine tbe way in which it 
happens, into a central cell and an outer layer, ordinarily 
Bimple, of smaller cells, contiguona to the fjeneral enveloping 
wall. The central cell becomes the single nscus, which is 
characteristic of the species, and the layer which surrounds it 
constitutes the inner wall of its peritbeciura. The only 
changes afterwards observed are the increase in siae of the 
perithecinm, the production of the root-lite filaments which 
proceed from its outer wall, the brown tint which it assumes, 
and finally the formation of the sporidia in the asena. The 
antheridium remains for a longtime recognizable without under- 
going any essential modification, hat the dark colour of the 
perithecinm soon hides it from the observer's eye. De Bary 
thinks that be is authorized in assuming the probability that 
the conceptacles and orgariS of fructification of others of the 
Aacomijceles, iaclading the Discomycetei and the Tuhcracei, are 
the results of sexual generation. 

Cei-tain phenomena which have been observed amongst 
the Coniomifcelea are cited as examples of sexual association. 
Amongst these may bo named the conjugation of the slender 
spores of the first generation, produced on the germinating 



threads of TilUtia,* and similar acta of conjugation, as olffierved 
in some species of UHUago. "Wliether this interpretatioii should 
be placed on those phenomena in the present condition of oi 
knowledge is perhaps im open qnestion. 

Finally, the spermogonia must bo re^rded as in some occu 
a yet has baffled detection, inllQencing the pa 
fection of sporidia f In Sir. 
tisma, found on the leaves i 
maple and willow, blact pitchy 
Spots at first appear, which, 
contain within them a golden 
pulp, in which very slender 
corpuscles are rnixed wit' 
abundant mucilage. 1 
corpuscles are the speraiatia,. 
which in RhytUma aeerinum 
are linear and Rhort, in Bky 
titma lalicinum globose. Whea. 
the spermfttia are expelled, the 
stroma thickens for the pro- 
duction of asci and sporidia, 

which are afterwards developed 

during the autumn and winter., 
Several of the speciea of Hi/s/eritiin also possess spermogonia, 
notably S. Fi-axini, which may bo distinguished from the 
gerouB perithecia with which they are associated by tlieir smalln- 
aiae and flask-like shape. From these the spermatia are expelled 
long before the maturity of the spores. In Hypodei-ma virgul- 
torum, H. ronimune, and H. scirpintnn, the spermogonia 
small depressed black capsules, which contain an abundance of 
minute epermatia. These were iormeriy regarded as distinct 
species, under the name of Leploslroma. In 8/ic(is ocellala a 
great number of the tubercles do not pass into the perfect stat« 
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nntil after they have produced cither linear, very short sper- 
mntio, or atylospores, the latter being rcprodnotive bodies of an 
oblong strnpe, equal in eizo to the perfect aporidia, Some of 
the tnliercles never pass beyond thia stage. 

Again, there is a vejy common fungus which forma black dis- 
coid spots on dead bolly leaves, called Ceuthospora phaciJioiJes, 
figured by Greville in his " Scottish Gryptogamio Flora," which 
expels a profusion of minute stylospoi'es ; but later in the 
season, instead of these, we find the asci and sporidia of Pliaci- 
dium ilicU, so that the two arc forms and conditions the one of 
the other. 

In Tympanit consperea tho sperTnogonia are ranch more com- 
monly met with than the complete fruit. 'There ia a great 
external rcseroblancc in tbem to tlie ascigeronB cupa, but there 
is no evidence that they are ever transformed into such, Tho 
perfect aporidia are also very minute and numerous, being 
contained in asci borne in cups, which usually surround the 
spermogonia. 

In several Epeciea of Sermatea the stylosparea and sperraatia 
co-exist, hut they are disseminated, before the appearance of the 
ascigeroua receptacles, yet tbey are produced upon a common 
stroma not unlike that of Tubercalaria. 

In its early stage the common and well-known Bulgaria 
ijiguinani, which wlien mature looka like a black Pe:iza, is a 
little tubercle, the whole mass of which is divided into ramified 
lobes, the extremities of which become, towards the surface of 
the tubercle, receptacles from whence escape waves of .sper- 
matia which are colourless, or stylosporos mixed with tlicm 
which are larger and nearly black. 

Amongst tho Sphmriacei numerous instances might be Cited 
of minute stylosporoaa bodies in consort with, or preceding, 
the ascigerons receptacles. A very familiar example may bo 
found at the base of old nettle stems in what lias been named 
Apotphicria acuta, but which truly are only the stylospores of 
the Sphceria coniformis, the perithecia of which flourish in cora.- 
pany or in close proximity to them, Most of these bodies are 
BO minute, delicate, and hyaline that tho difficulties in the way 
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of tracing them in their relations to the bodies with which they 
are associated are very great. Nevertheless there is strong pre- 
sumption in favour of regarding some of them as performing 
the functions which the name applied to them indicates. 

Professor de Bary cautiously refrains from accepting spermatia 
other than as doubtful or at least uncertain sexual bodies.* He 
says that the Messrs. Tulasne have supposed that the spermo- 
gonia represented the male sex, and that the spermatia were 
analogous to spermatozoids. Their opinion depends on two 
plausible reasons, — the spermatia, in fact, do not germinate, 
and the development of the spermogonia generally precedes 
the appearance of the sporophorous organs, a double circum- 
stance which reminds us of what is known of the spermato- 
zoids and antheridia of other vegetables. It remained to 
discover which were the female organs which underwent 
fecundation from the spermatia. 

Many organs placed at first amongst spermatia have been 
recognized by M. Tulasne as being themselves susceptible of 
germination, and consequently ought to take their place among 
legitimate spores. Then it must be considered that very many 
spores can only germinate under certain conditions. It is, 
therefore, for the present a doubtful question whether there 
exist really any spermatia incapable of germination, or if the 
default of germination of these corpuscles does not rather 
depend on the experiments hitherto attempted not having in- 
cluded the conditions required by the phenomena. Moreover, 
as yet no trace has been discovered of the female organs which 
are specially fecundated by the spermatia. 

Finally, there exist in the Ascamycetes certain organs of 
reproduction, diverse spore-bearing apparatus, pycnidia, and 
others, which, like the spermogonia, usually precede asco- 
phorous fruits. The real nature of the spermogonia and 
spermatia should therefore be regarded as, at present, very 
uncertain; as regards, however, the spermatia which have 
never been seen to germinate, perhaps it is as well not to 
absolutely reject the first opinion formed concerning them, or 

* De Bary, **Morphologie und Physiologie der Pike," cap. v. p. 168, 
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perliaps they might be thouglit to perform the part of andro- 
spores, attributing to that expression the meaning which 
Pringsheim gives it in the ConferocB. The experiments per- 
formed with the spermatia which do not germinate, and with 
the spermogonia of the Uredines, do not, at any rate, appear 
to justify the reputed masculine or fecundative nature of these 
organs. The spermogonia constantly accompany or precede 
fruits of JEcidium, whence naturally follows the presumption 
that the first are in a sexual relation to the second. Still, 
when Tulasne cultivated EndopJiyllum sempervivum, he obtained 
on some perfectly isolated rosettes of Sempervivum some ^cidium 
richly provided with normal and fertile spores, without any trace 
of spermogonia or of spermatia. 
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A GREAT number of very interesting facts have during late 
years been brought to light of the different forms which fungi 
assume in the course of their development. At the same time, 
we fear that a great many assumptions have been accepted for 
fact, and supposed connections and relations between two or 
three or more so-called species, belonging to different genera, 
have upon insufficient data been regarded as so many states or 
conditions of one and the same plant. Had the very pertinent 
suggestions of Professor de Bary been more generally acted 
upon, these suspicions would have been baseless. His observa- 
tions are so valuable as a caution, that we cannot forbear prefacing 
our own remarks on this subject by quoting them.f In order 
to determine, he says, whether an organic form, an organ, or an 
organism, belongs to the same series of development as another, 
or that which is the same is developed from it, or vice versd, 
there is only one way, viz., to observe how the second grows out 
of the first. We see the commencement of the second begin as 
a part of the first, perfect itself in connection with it, and at 
last it often becomes independent ; but be it through spontaneous 
dismembering from the first, or that the latter be destroyed 
and the second remains, both their disunited bodies are always 
connected together in organic continuity^ as parts of a whole 
(single one) that can cease earlier or later. 

By observing the organic continuity, we know that the apple 
£b the product of development of an apple-tree, and not hung on 

• De Bary, in " Quarterly German Magazine" (1872), p. 197. 
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it by chance, that the pip of an apple is a product of the develop- 
ment of the apple, and that from the pip an apple-tree can at last 
be developed, that therewith all these bodies are members of a 
sphere of development or form. It is the same with every eimi- 
lor experience of onr daily life, that whei-e an apple-tree stands, 
many apples lie on the ground, or that in the place where apple- 
jiipa arc Eown Beedlinga, little apple-trees, grow oat of the 
gi'onnd, is not important to our view of the course of develop- 
ment. Every one recognizes that in liis daily life, because ho 
laughs at a person who thinks a plum which liesnnder an apple- 
tree has grown on it, or that the weeds which appear among the 
apple seedlings come from apple-pips. If the apple-tree with 
its frnit and seed were microscopically small, it would not make 
the difference of a hair's breadth in the form of the question or 
the method of answering it, as the size of the object can 
be of no importance to the latter, and the questions which apply 
to microscopical fungi are to be treated in the same manner. 

If it then be asserted that two or several forma belong to a series 
of development of one kind, it can only be based on the fact of 
their organic continnity. The proof is more difficult than in largo 
plants, partly because of the delicacy, minuteness, and fragility 
of the single parts, particularly the greater part of the mjcelia, 
partly because of the resemblance of the latter in different 
speciea, and therefore follows the danger of confusing them with 
different kinds, and finally, partly in consequence of the presence 
of difl'erent kinds in the same eubstratum, and therefore the 
mixture not only of different sorts of mycelia, but also that 
different kinds of spores are sown. With some care and pa- 
tience, these difficulties are in nil way in urm nntahl and they 
must at any rate bo overcome ; tlie orga 
continuity must be cleared up, unless the q 
ciiurse of development, and the series of f r 
1)0 laid on one side as insolvable. 

Simple and intelligible as tliese principl 
always been acted upoa, but partly neglected, partly expressly 
rejected, not because they were considered false, but because the 
difficulties of their application were looked upon as insui-mount- 
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able. Therefore another method of ezaminatios was adopted ; 
the spores of a certain form were sown, and sooner or later they 
were looked after to see what the seed had produced — ^not every 
single spore — but the seed en masse, that is, in other words, 
what had grown on that place where the seed had been sown. 
As far as it relates to those forms which are so widely spread^ 
and above all grow in conjunction with one another — and that; 
is always the case in the specimens of which we speaJi: — we caxx 
never be sure that the spores of the form which we mean to test 
are not mingled with those of another species. He who has 
made an attentive and minute examination of this kind knows 
that we may be sure to find such a mixture, and that such an 
one was there can be afterwards decidedly proved. From the 
seed which is sown, these spores, for which the substratum was 
most suitable, will more easily germinate, and their development 
will follow the more quickly. The favoured germs will suppress 
the less favoured, and grow up at their expense. The same 
relation exists between them as between the seeds, germs, and 
seedlings of a sown summer plant, and the seeds which have 
been undesignedly sown with it, only in a still more striking 
manner, in consequence of the relatively quick development of 
the mildew fungus. 

Therefore, that from the latter a decided form, or a mixture of 
several forms, is to be found sown on one spot, is no proof of their 
generic connection with one which has been sown for the purpose 
of experiments ; and the matter will only be more confused if we 
call imagination to our aid, and place the forms which are found 
near one another, according to a real or fancied resemblance, in a 
certain series of development. All those statements on the sphere 
of form and connection, which have for their basis such a snper- 
li(!iiil work, and are not based on the clear exposition of the con- 
iiuuiiy of development, as by the origin of the connection of the 
Jifuror with PeniciUiuWy Oidium lactis and Mucor^ Oidium and 
VrniciUium^ are rejected as unfounded. 

A Houreo t)f error, which can also interfere in the last-named 
Huporlieial nu>tlu)d of cultivation for experiments, is, viz., that 
hott»rogoneou8 unwishcd-for spores intrude themselves from 
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without^ among the seed which is sown, T>nt that has been 
ontil now quite disregarded. It is of great importance in 
I'ract.ice, but in truth, for onr present purpose, synonymous with 
what we have ah-eady written. Those learned in the science of 
this kind of culture Jay great stress on its importance, and 
many apparatuses have been conBtruuted, called " purely cultivat- 
ing machines," for the purpose of destroying the sporea which 
:\i-e contained in the substratum, and preventing the intrusion of 
tlioae fi-om without. The misture in the seed which is sown 
has of course not been obviated. These machines may, perhaps, 
in every other respect, fullil their purpose, but they cannot 
change the form of the question, and the inost ingeniously con- 
) stmcted apparatus cannot replace the attention and intellect of 
the observer. * 

Two distinct kinds of phenomena have been grouped nnder 
the term " polymorjihy." In one series two or more forms of 
fmit occur consecutively or simultaneoualy on the same indi- 
vidual, and in the other two or rcjoro forms appear on a. dif- 
ferent mycelium, on a difierent part of the samo plant, or on a 
matrix wholly distinct and dtOerent ; in the latter case the con- 
nection being attested or suspected circumstantially, in the former 
proved by the method suggeatod by De Bary. It will at once be 
conceded that in cases where actual growth and development 
substantiate the facts the polymorphy is undoubted, whilst in the 
other series it can at best be little more than suspected. Wa 
win endeavour to illustrate both these series by eiaraploB. 

One of the &vst and earliest suspected cases of dualisui, which 
long puzzled the older mycologists, was observed amongst the 
XJredines, and many years ago it was held that there must be some 
mysterious association between the "red rust" (THc/iobasia ruligo 
vera) of wheat and grasses and the " corn mildew " {Puecinia 

■ The nmthoil pursaad by Messrs. Berkeley and Hoffmnnn o[ aurrounding the 
drop of fluitl, ia vhjuh it <le6nita Duin)>Er of eporea or jeiuC globules hiid been 
plaeeil, witli a pelticio of air, into nliich tiio gennioBliDg tbtvads might pass 
and frnctify, is perliapB tbo most sntinfactorj tbat boa been luloptad, tbongh it 
reqiiireH iiif« mauipalution. If carefully mnnuged, tlio niiulC ia irrefragable, 
thongh doubts bare been cast, witbottt any leasoD, on their obeervntioiis. 
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graminis) wbicli succeeded it. The simple spored rust first 
makes its appearance, and later the bilocular " mildew." It is 
by no means uncommon to find the two forms in the same pus- 
tule. Some have held, without good reason, that the simple 
cells became afterwards divided and converted into Pticcinia, 
bat this is not the case ; the uredo-spores are always simple, and 
remain so except in TJredo linearis^ where every intermediate 
stage has been observed. Both are also perfect in their kind, 
and capable of germination. 

What the precise relations between the two forms may be has 
as yet never been revealed to observers, but that the two forms 
belong to one species is not now doubted. Very many species 
of Puccinia have already been found associated with a corre- 
sponding Trichohasis, and of Phragmidium with a relative Lecy- 
theay bat it may bo open to grave doubt whether some of the 
very many species associated by authors are not so classed upon 
suspicion rather than observation. We are ready to admit that 
the evidence is strong in favour of the dimorphism of a large 
number of species — it may be in all, but this awaits proof, or 
substantial presumption on good grounds. Up to the present we 
know that there are species of Trichobasis which have never 
been traced to association with a Puccinia, and doubtless there 
will be species of Puccinia for which no corresponding TJredo 
or Trichohasis can be found. 

Tulasne remarks, in reference to Puccinia soncli^ in one of his 
memoirs, that this curious species exhibits, in effect, that a Puc- 
cinia may unite three sorts of reproductive bodies, which, taking 
part, constitute for the mycologists of the day three entirely dif- 
ferent plants — a Trichohasis, a TTromyces, and a Puccinia. The 
Uredines are not less rich, he adds, in reproductive bodies of 
divers sorts ih^xi the Pyrenomycetes and the Discomycetes ; and 
we should not be surprised at this, since it seema to be a law, 
almost constant in the general harmony of nature, that the 
smaller the organized beings are, the more their races arc 
prolific. 

In Puccinia variahilis^ Grcv., it is common to find a unicellular 
form, species of Trichohasis^ in the same pustules. A like circum- 



lanm, B.; with Pw9MMyUfaM,a, md lHttmimufidl€»»,Tkem.; 
alao with PuetimU mfnti^ P., md JHAImm Jaliafai' ■», D. C 
Id IMamptora, again, llii [iiiiwilii |>wilii^iiiiii iJ Vil»wf»mm 
taliei»M, Ler., aiv the wiiter (raita sf Le q /tit m emprtmrwm, I^rr^ 
as those of 3IJtl»mp»orm ftfm Umm , I^t., aig of Lnrytltm ftfmiin*, 
lev. In Ute apedes ef letgthtm tbetudTies w3l be found, as Do 
Barj * has shown. Inline c^sta Ot a laiger sue, wUch ■■nauiid 
the psendospores in the jiasfailea m. whidt tfa^ are derelt^Md. 

A good lUnMcaiioo of diiBarpblani in one of Uteoommonest of 
monlds is given bf De Barf in a F^>^ from wbidi we Ittve 
already qooted.f He writes thaa : — In ereij hovseltold tbov is 
a freqnent tmbidden gnest, which, appean paiticnlarly on pre- 
Berred fruits, viz., the mo*U wfaidi. is called AtpergUlat glmtrmt. 
It shows itself to the naked eye as a wooDj floccy crust over 
the snbstaBce, firet porelj white, then gradaally covered with 
little fine glnacons, or dark green dnstv beads. More minate 
microscopical eiatniitation shows that the foDgns consists of 
riiriily ramified fine filaments, which are partly dis^minated in 
the snbstratain, and partly raised ofaliqaely over it. They have 
a cylindrical form with rounded ends, and are divided into long' 
outstretched members, each of which possesses the property 
which legitimatizes it as a vesicle in the ordiniiry sense of the 
word ; it contains, enclosed ivithin. a delicate stmctoreless wall, 
those bodies which bear the appearance of a finely granttlated 
mocoas substance, which is designated by the name of proto- 
plasm, and which either equally fills the cells, or the older the 
cell the more it is filled with watery cavities cilled vacuoles. 

All parts are at first coloarless. The increase in the length 
of the filaments takes place throDgh the preponderating growth 
near their points ; these continually push forward, and, at a 
short distance from them, successive new partitions rise up, 
but at a greater distance, the growth in the length ceases. 
This kind of growth is called point growth. The twigs and 
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branches spring up as lateral dilatations of the principal fila- 
ment, which, once designed, enlarges according to the point 
growth. This point growth of every branch is, to a certain 
extent, unlimited. The filaments in and on the substratum are 
the first existing members of the fungus ; they continue so long 
as it vegetates. As the parts which absorb nourishment from and 
consume the substance, they are called the mycelium. Nearly 
every fungus possesses a mycelium, which, without regard to 
the specific difference of form and size, especially shows the 
described nature in its construction and growth. 

The superficial threads of the mycelium produce other fila- 
ments beside those numerous branches which have been described, 
and which are the fruit thread (carpophore) or conidia thread. 
These are on an average thicker than the mycelium threads, and 
only exceptionally ramified or furnished with partitions; they 
rise almost perpendicularly into the air, and attain a length of, 
on an average, half a millimetre, or one-fiftieth of an inch, but 
they seldom become longer, and then their growth is at an end. 
Their free upper end swells in a rounded manner, and from this 
is produced, on the whole of its upper part, rayed divergent 
protuberances, which attain an oval form, and a length almost 
equal to their radius, or, in weaker specimens, the diameter of 
the rounded head. The rayed divergent protuberances are the 
direct producers and bearers of the propagating cells, spores, 
or conidia, and are called sterigmata. Every sterigma at first 
produces at its point a little round protuberance, which, with a 
strong narrow basis, rests upon the sterigma. These are filled 
with protoplasm, swell more and more, and, after some time, 
separate themselves by a partion from the sterigma into inde- 
pendent cells, spores, or conidia. 

The formation of the first spore takes place at the same end 
of the sterigma, and in the same manner a second follows, then 
a third, and so on ; every one which springs up later pushes 
its predecessor in the direction of the axis of the sterigma in 
the same degree in which it grows itself ; every successive spore 
formed from a sterigma remains for a time in a row with one 
another. Consequently every sterigma bears on its apex a chain 
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of spores, which are so much the older, the farther they stand 
from the sterigma. The number of the links in a chain of spores 
reaches in normal specimens to ten or more. All sterigmata 
spring up at the same time, and keep pace with one another 
in the formation of the spores. Every spore grows for a time, 
according to its construction, and at last separates itself from 




Fig. 102. — a. AnpergiUtis glauevs ; b. conidia; c. gcmiiuuting conidium ; d. con- 
ceptaclo of Surotium ; e. ascus. 

its neighbours. The mass of dismembered spores forms that 
fine glaucous hue which is mentioned above. The spores, there- 
fore, are articulated in rows, one after the other, from the ends 
of the sterigmata. The ripe spore, or conidium, is a cell of a 
round or broadly oval form, filled with a colourless protoplasm, 
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and, if observed separately, is found to be provided witb a 
brownish, finely verruculose, dotted wall. 

The same mycelium which forms the pedicel for the conidia 
when it is near the end of its development, forms by normal 
vegetation a second kind of fructification. It begins as delicate 
thin little branches, which are not to be distinguished by the 
naked eye, and which mostly in four or six turns, after a quickly 
terminated growth, wind their ends like a corkscrew. (Fig. 102.) 
The sinuations decrease in width more and more, till they at last 
reach close to one another, and the whole end changes from the 
form of a corkscrew into that of a hollow screw. In and on 
that screw -like body, a change of a complicated kind takes place, 
which is a productive process. In consequence of this, from the 
screw body a globose receptacle is formed, consisting of a thin 
wall of delicate cells, and a closely entwined row of cells sur- 
rounded by this dense mass {d). By the enlargement of all these 
parts the round body grows so much, that by the time it is ripe 
it is visible to the naked eye. The outer surface of the wall 
assumes a compactness and a bright yellow colour; the greater 
part of the cells of the inner mass become asci for the formation 
of sporidia, while they free themselves from the reciprocal union, 
take a broad oval form, and each one produces within its inner 
space eight sporidia (e). These soon entirely fill the ascus. 
When they are quite ripe, the wall of the conceptacle becomes 
brittle, and from irregular fissures, ai'ising easily from contact, 
the colourless round sporidia are liberated. 

The pedicels of both kinds of fruit are formed from the same 
mycelium in the order just described. If we examine attentively, 
we can often see both springing up close to one another from the 
same filament of a mycelium. This is not very easy in the close 
interlacing of the stalks of a mass of fungi in consequence of 
their delicacy and fragility. Before their connection was known, 
the conceptacles and the conidia pedicels were considered as 
organs of two very different species of fungi. The conceptacles 
were called Eurotium herhariorum, and the conidia bearers were 
called Aspergillus glaucus. 

Allied to JEuroiium is the group of Erysiphei^ in which well- 



authenticated polymorpby prevails. These fiingi are developed 
on. the green parts of growing plantR, and at first consist of a 
white rnonldj Etratum, composed of delicate mycelium, on wliicti 
erect threads are produced, which break np into subglobose 
joints or cunidia. The species on grass was named Oidium 
monitioiJea before its relationship was known, bnt andonbtedlj 
this is only the conidia of Erj/gipke graminU. In like maimer 
the vine disease {Oidium Tuckeri) is most probably only the 
conidia of a species of Eri/tiphe^ of which the perfect condition 
has not jet been discovered. On roses the old Oidium leuco- 
coaiUM is but the coatdia of Sph^roiheca pannona, and so 
of other species. The Eri/«ip1ie which ultimately appears on 
the same mycelium consists of globose perithecia, externally 
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R««ptu!a ; a. mynsUuni. (Da Bar;.} 



fftmixhed with thread-like appendages, and int«mally with usci 
containing sporidia. In this genus there are no less than five 
diflerent forms of fruit,* the multiform threads on tlic mycelium, 
already alluded to as forms of Oidium, the asci contained in 
the sporangia, which is the proper fruit of the Erysiphe, larger 
styloapores which are produced in other sporangia, the smaller 
stylospores which are generated in the pycnidia, and separate 
Bpomlea which are sometimes formed in the joints of the neck- 
laces of the conidia. These forms are figured in the " Introduction 
• Berkeley, "Iiitrod. Crjpt. Bot." p. 78, £g. 20. 
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to Cryptogamic Botany " from SplicerotTieca Castagnei^ whicli is 
the hop mildew.* The vine disease, hop mildew, and rose 
mildew, are the most destructive species of this group, and the 
constant annoyance of cultivators. 

When first describing an allied fungus found on old paper, and 
named Asrotricha chartarum^ the Rev. M. J. Berkeley called atten- 
tion to the presence of globose conidia attached to the threads 
which surround the conceptacles,t and this occurred as long 
since as 1838. In a recent species of Chcdtomium found on old 
sacking, Chcetomium griseum, Cooke, J we have found tufts in all 
respects similar externally to the Chcdtomium^ but no perithecium 
was formed, naked conidia being developed apparently at the 
base of the coloured threads. In ChcBtomium funicolum, Cooke, 
a black mould was also found which may possibly prove to be 
its conidia, but at present there is no direct evidence. 

The brothers Tulasne have made us acquainted with a greater 
number of instances amongst the Sphceriacei in which multiple 
organs of reproduction prevail. Very often old and decaying 
individuals belonging to species of Bolettis will be found filled, 
and their entire substance internally replaced, by the threads and 
multitudinous spores of a golden yellow parasite, to which the 
name of Sepedonium chrysospermum has been given. According 
tiO Tulasne, this is merely a condition of a sphaeriaceous fungus 
belonging to his genus Hypomyces,^ 

The same observers also first demonstrated that Trichoderma 
viride, P., was but the conidia-bearing stage of Hypocrea rufa^ 
P., another sphaeriaceous fungus. The ascigerous stroma of the 
latter is indeed frequently associated in a very close manner with 
the cushions of the pretended Trichoderma^ or in other cases the 
same stroma will give rise to a difierent apparatus of conidia, 
of which the principal elements are acicular filaments, which are 
short, upright, and almost simple, and which give rise to small 

* See also Berkeley, in "Trans. Hort. Soc. London," vol. ix. p. 68. 
t Berkeley, in "Ann. Nat. Hist." (June, 1838), No. 116. 
% *' Grevillea," vol. i. p. 176. 

§ Tulasne, **0n Certain Fungicolous Sph8eriaB.'\ n "Ann. des Sci. Nat.** 
4'»eser. xiii. (1860>, p. 6. 
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oval oonidia wliich are Bolitary on the tips of the tlircads. 
Therefore this MypocTea wUl possesa two different kinds of 
conidia, as ia the case in many species of Mi/pomyees. 

A most familiar instance of dualism will be found in N'ecfria 
cianaharina, of which the conidia form is onedf the most common 
of fungi, forming little reddish nodules on all kinds of dead 

Almost any small cnrrant twig which has been lying on the 
ground in a damp situation will afford an opportunity of stadying 
this phenomenon. The whole surface of the twig will be covered 
from end to encl with little bright pink prominences, bursting 
through the bark at regular distances, scarcely a quai-ter of an 
inch apart. Towards one end of the twig probably the pro- 
minences will be of a deeper, richer colour, like 
powdered cinnabar. The naked eye ia sufficient 
to detect some difference between the two kinds 
of pustules, and where the two merge into each 
other specks of cinnabar will be visible on the 
pink projections. By removing the bark it will 
be seen that the pink bodies have a sort of 
paler stem, which spreads above into a somewhat 
globose head, covered with a delicate mealy bloom. 
At the base it penetrates to the inner bark, and 
from it the threads of myceliam branch in all 
directions, confined, however, to the bark, and 
not entering the woody tissues beneath. The 
bead, placed under examination, will be fonnd to 
consist of delicate parallel threads compacted to- 
gether to form the stem and bead. Some of these 
threads are simple, <rthers are branched, bearing ^ __ 

here and there npon them delicate little bodies, "o thi upper im^ 
which are readily detached, and which form the i->"or. 
mealy bloom which covers the surface. These are the conidia, 
little slender cylindrical bodies, rounded at the ends. 

Passing to the other bodies, which are of a deeper colour, it 

etbing on it," in " Gardaner'a Chromcle," 



wiD BOOH be discoTered that, ingt-gaf! of being fiimple rotmded 
heads, each tabercle is composed of Dnnterons smaller, nearly 
giohose bodies, cloeelj packed together, oficu compressed, all 




united to a base closely resembliog the base of the other 
tubercles. If for a moment we look at one of the tubercles near 
the spot where the crimson tabercles seem to merge into the 
pick, we shall not only find them particoloured, hut that the red 
points are the identical globose little heads jnst observed in 
closfers- This will lead to the imspicion, which can afterwards 
be veriSed, that the red heads are really prodaced on the st«in 
or stroma of the pink tubercles. 

A section of one of the red tubercles will show us how much 
the internal structure differs. The little snbglobose bodies 
which spring from a common stroma or stem are hollow shells 
or capsules, externally granular, int«mal]j Slled with a gelatinoos 
nucleus. They are, indeed, the perithecia of a spbsriaceous 
fiingUB of the genns Neelria, and the gelatinous nucleus contains 
the fmctili cation. Still farther examination will show that this 
fructification consists of cylindrical asci, each enclosing eight 
elliptical sporidia, closely packed together, and mixed with 
slender threads called paraphyses. 

Here, then, we have undoubted evidence of Nectria cinna- 

barina, with its fruit, produced in asci growing from the stroma 

or stem, and in intimate relationship with what was formerly 

named Tubercularia vulgarit. A fungus with two forma of fruit, 

• Figs. 101 to 106 by pertnissiOD from the "Qurdener'a ChroDicle." 
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one proper to the pink, or Tuhercularia form, with naked slender 
conidia, the other proper to the matiii'e fungus, enclosed in. asci, 
and generated nithln the walls of a perithecium. Instnnces of 
this kind are now known to be far from unconiiuon, although 




F. seatliin uf itnima ; O. at\cn» ttud puBpbyaoH. 

thty cannot always, or often, be so clearly and distinctly traced 

as in the illnstration which we have eelected. 

It is not nncoramon for the conidia of the Sphteria to partake 
of tlie characteristics of a mould, and then the perithecta are 
developed amongst the conidial threads. A recently recorded 
instance of this relates to Sp/irerin Epochnii, B. and Br.,* the 
conidia form of which was long known before the Spiaria 
related to it was discovered, under the name of Epochnium, 
/uttijorum. The Epochnium fornas a thin stratum, which over- 
runs various species of Corlieium. The conidia are at first uni- 
aeptate. The perithecia of the SpJiifria are at first pale bottle- 
green, crowded in the centre of the Epochnium, then bUck green 
granulated, sometimes depressed at the summit, with a minute 
pore. The sporidia are strongly constricted in the centre, at 
first nniseptate, with two nuclei in each division. 

Another Sphmria in which the association is undoubted is the 

• Bflrkeley auA Brm 
pL T. Gg, 3« 1 Cooko, ' 
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Sphceria aquila^ Fr.,* whicli is almost always found nestling in a 
woolly brown snbicnlam, for the most part composed of barren 
brown jointed threads. These threads, however, produce, under 
favourable conditions, mostly before the perfection of the peri- 
thecia, minute subglobose conidia, and in this state constitute 
what formerly bore the name of Sporotrichum fuscum^ Link., but 
now recognized as the conidia of Sphmria aquila. 

In SphcBria nidulans, Sch w., a North American species, we have 
more than once found the dark brown subiculum bearing large 
triseptate conidia, having all the characters of the genus Selmirt' 
thosporium. In Sphcen'a pilosa^ P., Messrs. Berkeley and Broome 
have observed oblong conidia, rather irregular in outline, ter- 
minating the hairs of the perithecium.-f- The same authors 
have also figured the curious pentagonal conidia springing from 
flexuous threads accompanying Sphceria felina, Fckl., J and also 
the threads resembling those of a Cladotrichum with the angular 
conidia of Sphceria cupulifera, B. and Br.§ A most remarkable 
example is also given by the Brothers Tulasne in I^leospora 
polytricha^ in which the conidia-bearing threads not only 
surround, but grow upon the perithecia, and are crowned by 
fiiscicles of septate conidia. || 

Instances of this kind have now become so numerous that 
only a few can be cited as examples of the rest. It is not at all 
improbable that the majority of what are now classed together 
as species under the genus of black moulds, Helminthosporiuniy 
will at some not very distant period be traced as the conidia of 
different species of ascomycefcous fungi. The same fate may 
also await other allied genera, but until this association is 
established, they must keep the rank and position which has 
been assigned to them. 

Another form of dualism, differing somewhat in character 

* Cooke, " Handbook," ii. p. 853, No. 2549 ; specimens in Cooke's ** Fungi 
Britannici Exsiccati,'* No. 270. 
t Berk, and Br. "Ann. Nat. Hist." (1865), No. 1096. 
X **Ann. Nat. Hist." (1871), No. 1332, pi. xx. fig. 23. 
§ Ibid. No. 1333, pi. xxi. fig. 24. 
il Tulasne, " Selecta Fungorum Carpologia," ii. p. 269, pi. 29. 
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from the foregoing, finds illnstration in the spbtc 
Melanconis, of Tulasne, in which the free spores are still called 
conidia, though in most instanuea produced in a sort of sparioas 
conceptaculum, or borne on short threads from a kind of 
CQsbion-shaped stroma. In the MeJanconU stilboalomn* there 
are three forms, one of slender minute bodies, oozing out in the 
form of yellow tendrils, which may be spermatia, formerly called 
Nemaspora erorea. Then there arc the oval brown or olive brown 
oonidifi, which are at first covered, then oozing oat in a black 
pasty mass, formerly Melaneonium hieolor, and finally the Bporidia 
in aaoi of Sphxria ililboitoma, Fries. In Melanconis SeTketeii, 
TnJ., the conidia are qnadrilocniar, previously known as StilbO' 
spara macrosperma, B. and Br. In a closely-allied species from. 
North America, MElmiconis bicornis, Cooke, the appcndiculato 
Bporidia are similar, and the conidia would also appearto partake 
of the character of SUlbonpora. We may remark here that we 
have Been a brown mould, probably an undescribed species of 
Demaliei, growing in definite patches around the openings ia 
birch bark cansed by the erampent ostlola of the perithcciit of 
Melanconis ililboatoma, from tho United States. 

In Melanconis lancijormis,} Tul., there are, it wonid appear, 
fonr forms of fruit. One of theso consists of conidia, cliai-ac- 
terized by Corda as Cor^;jeMM dcsciforme.X Styloapores, which 
are also figured by Corda under the name of Coniotkecium helu- 
limim ; pycnidia,§ first discovered by Berkeley and Broome, and 
Tismedhj them I{eiiilersonia poli/ctfstii ;\l and the ascophoroua 
frnits which constitnted the Sphceria lanciformis ofFvies. Mr, 
Cnrrey indicated Heudcrsottia pali/cystis, B, and Br„ aa a form 
of frnit of this species in a communication to the Royiil Society 
in 1857.^ He saya this plant grows npon birch, and ia in per- 
fection in very moist weather, when it may be recognized by the 

• Ooo'ie, "Handbook,'' iL p, 873; Tulasne, " CirpoIosJEi," ii. p. 120, 
plate 14. 
t Tulaine, 
t Cordii, " 
§ ConJft, ■' 

I Ikrk. and Br. "Ann. Kat. Hiat," Ho. 416. 
il Currey, iu "Pbilosoph. TraoB. Eoj. Soc." (1SE7), yl. 25. 



large black sort gelatinous protaberanccs an the biu*Ic, formed. 
hy spores escaping and depositing theniEelvea upon and aboali 
the apes of the peritbecium. This I saspect to be an ftbnormal 
state of a well-known Splisria (S. Jancijormts), which grows 
npon birch, and upon birch only. 

We might mnltjply, almost indefinitely, instancea amongst the 
Sphieriacei, but have already given sufficient for illastration, and 
will therefore proceed briefly to notice some instances amongst 
the DiscomJ/cetes, which also boar thcir^omplete or perfect fruit 

The beautiful purple etipitate cnps of Bulgaria sarcoides, 
which may be scon flouriKliing in the autamn on old rotten 
wood, are often accompanied by cluli-shaped bodies of the same 
colonr ; or earlier in the seafion those clavate bodies may 
found alone, and at one time bore the name of Tremella 
sarcoidfu. The upper part of those clubs difisemiuate a great 
abundance of straight and verj slender spermatia. Earlier than 
this they are covered with globose conidia. The fully -matured 
Bulgaria develops on its hymeuium clavato delicate 
enclosing eight elongated hyaline sporidia, so that we 
forms of fcnit belonging to the same fiinguB, viz. conidia and 
spermatia in the Ti-emella stage, and sporidia, contained 
in the mature condition.* The samo phenomena occur with 
Bulgaria purpurea, a laj^er upeciea with different fruit, long 
confounded with Bulgaria tarcoides. 

On the dead sterna of nettles it is very common to meet with 
small orange tubercles, not much larger than a pin'a headi 
which yield at this stage a profusion of slender linear bodies, 
produced ou delicate branched threads, and at one time bore the 
name o^ Dacrymycet UrticiD, bat which are now acknowledged to 
be only a condition of a little tremelloid Peziza of the 
and colour, which might be mistaken for it, if not i 
with the microscope, but in which there are distinct 
sporidia. Both forms together are now regarded as the same 
fungus, under the name of Peziza Jusnrioidee, B. 

* TuLisne, " On tbe neiiTDductive Appacatua of Faogi," in " Comptaa Bi 
(1S53), p. S4I ; and Tulasne, " Selects Fnagornm Carpotogia," vol. iii. 
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The other Bcrioa of phenomena grouped together under the 
naino of polymorphiara relate to forma which are removed from 
each other, so that the iDycelium ia not identical, or, more 
QsnaJly, produced on diflereut plants. The first instance of this 
kind to which we shall make reference ia one of particular 
interest, as illuati-ative of the old popular creed, that berberry 
bushes near corn-fields producEd mildewed com. There ia a 
village in Norfolk, not far from Great Yarmouth, called " Mil- 
dew RoUeaby," beoaose of ita unacviable notoriety in daya past 
for mildewed corn, produced, it waa said, by the berberry 
bushes, which were cut down, and then mildew disappeared 
from the corn-fields, ao that Ilollcaby no longer merited its 
aobriquet. It has already been shown that the corn-mildew 
{PuEcinia graminW) ia dimorphous, having a one-celled ftult 
(Trichobaeis), as well as a two-celled fruit (Puccinia). The 
fungns which attacks the berberry ia a species of cluster-cnp 
{^cidium hcrhnridia), in which little cup-like peridia, containing 
bright orange pseudoaporea, are produced in tnfts or clnstera on 
the green leaves, together with their apermogonia,. 

De Bary's observationa on this association of forma were pub- 
lished in 1866.* In view of the popular belief, he determined 
to sow the spores of Puceinia graminis on the leaves of the ber- 
berry. For this purpose ho selected the septate resting spores from 
Poapratensis and Trlticum repens. Having cacsed the aporea to 
germinate in a moist atmosphere, he placed fragmenl* of the 
leavea on which they had developed their secondary spores on 
yonng but full-grovm berberry leaves, under the same atmo- 
spheric conditions. In from twenty-four to forty-eight hours 
a quantity of the germinating threads liad bored through the 
walls and penetrated amongst tho subjacent cells. This took 
place both on the upper and under surface of the leaves. Since, 
in former experiments, it appeared that the spores would 
penetrato only in those cases where the plant was adapted fo 
develop the parasite, the connection between P. ijraminU and 

* "MDnaUbericht der Koaigliuhea Preuss, AcaiL der Wiseenacliiirten aa 
Berlin," Jan. 1365 ; BumniHrf, ia " Jonrn. £07. Hort. Soa., Iiondan," vol. i. 
n.«. p. 107. 
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Mcid, herheridis seemed more than ever probable. In about ten 
days the spermogonia appeared. After a time the cut leaves 
began to decay, so that the fungus never got beyond the 
spermogonoid stage. Some three-year-old seedlings were then 
taken, and the germinating resting spores applied as before. 
The plants were kept under a bell-glass from twenty-four to 
forty-eight hours, and then exposed to the air like other plants. 
From the sixth to the tenth day, yellow spots appeared, with 
single spermogonia; from the ninth to the twelfth, spermogonia 
appeared in numbers on either surface ; and, a few days later, 
on the under surface of the leaves, the cylindrical sporangia 
of the ^cidium -made their appearance, exactly as in the 
normally developed parasite, except that they were longer, 
from being protected from external agents. The younger the 
leaves, the more rapid was the development of the parasite, and 
sometimes, in the younger leaves, the luxuriance was far greater 
than in free nature. Similar plants, to the number of two 
hundred, were observed in the nursery, and though some of them 
had Mcidlum pustules, not one fresh pustule was produced ; 
while two placed under similar circumstances, but without the 
application of any resting spores, remained all the summer free 
from ^cidium. It seems, then, indubitable so far that jEcidium 
herberidis does spring from the spores of Paccinia graminis. 

It has, however, to be remarked that De Bary was not equally 
successful in producing the Puccinia from the spores of the 
^cidium. In many cases the spoi*es do not germinate when 
placed on glass, and they do not preserve their power of germi- 
nating very long. He reverts then to the evidence of experi- 
ments instituted by agriculturists. Bonninghausen remarked, in 
1818, that wheat, rye, and barley which were sown in the neigh- 
bourhood of a berberry bush covered with jEcidium contracted 
rust immediately after the maturation of the spores of the ^cidia. 
The rust was most abundant where the wind carried the spores. 
The following year the same observations were repeated; the 
spores of the Mcidlum were collected, and applied to some healthy 
plants of rye. After five or six days these plants were affected 
with rust, while the remainder of the crop was sound. In 1863 
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some winter rya yiaa sown roand a berberry bash, which, in tbe 
following year was infested with Mcidium, which was mature iu 
tbe middle of May, when the rye was completely covered with 
rust. Of the wild grasses near the bush, TriUcum rf-penii was 
most affected. Tbe distant plants oF rye were free from rust. 

The spores of the ^fidium would not germinate on berberry 
leaves; tbe berberry vEciViw hi could not therefore spring from 
the previous ^cidiiim. The uredospores of Puccinia graminis 
on germinating penetrate into the parenchym of the grass on 
which they are sown; but on berberry leaves, if the tips of the 
tlireada enter for a short distance into the stomates their growth 
at onco ceaseB, and the leaves remain free from parasites. 




K-iJ 

Montague has, however described a Puceima herheridis on 
leaves of Bet hei la jiaicca from Chili which grows in company 





¥k 108 — CqUb Had pBoudutporM of 

With IZcidiiim berheridig This at first sight seems to contradict 
the above conclusions , but the Vadium which from the same 
djsL produces the pnccinoid resting spores, appears to be dif- 
ferent from the European apeciBS, masmuch as the cells of the 
wall of the sporangium are twice as large, and the spores de- 
cidedly of greater diameter.* The resting spores, moreover, 
* Wa haie before ns an .Ecidtum on laaves ol Bti'hirU vaigaris, collected at 
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differ not only from those of Fuccinia graminis^ but from those 
of all other Em'opean species. 

From this account, then, it is extremely probable that the 
Mcidium of the berberry enters into the cycle of existence of 
Puccinia graminis, and, if this be true, wherefore should not 
other species of Puccinia be related in like manner to other 
JScidia f This is the conclusion to which many have arrived, 
and, taking advantage of certain presumptions, have, we fear, 
rashly associated many such forms together without substantial 
evidence. On the leaves of the primrose we have commonly a 
species of JEcidium, Puccinia, and TJromyces nearly at the same 
time ; we may imagine that all these belong to one cycle, but 
ifc has not yet been proved. Again, Uromyces cacalicc, Unger, 
Vredo cacalia, Unger, and j^cidium cacalia, Thumen, are con- 
sidered by Heufler * to form one cycle. Numerous others are 
given by Fuckel,t and De Bary, in the same memoir from which 
we have already cited, notes Uromyces appendiculatus, Link., 
U. phaseolorum, Tul., and Puccinia fragopogonis, Ca., as possessing 
five kinds of reproductive organs. Towards the end of the year, 
shortly stipitate spores appear on their stroma, which do not fall 
off. These spores, which do not germinate till after a shorter or 
longer winter rest, may conveniently be called resting spores, or, 
as De Bary calls them, ieleuto spores, being the last which are 
produced. These at length germinate, become articulated, and 
produce ovate or kidney-shaped spores, which in their turn 
germinate, penetrating the cuticle of the mother plant, avoiding 
the stomates or apertures by which it breathes. After about 
two or three weeks, the mycelium, which has ramified among the 

Berne by Shuttleworth in 1833. It is named by him j^ddiuni graveolenst and 
differs in the following particulars from Aicidiuin, herheridis. The peridia are 
scattered as in jB, Epilobiij and not collected in clusters. They are not so 
much elongated. The cells are larger, and the orange spores nearly twice the 
diameter. There is a decided, strong, but unpleasant odour in the fresh plant ; 
hence the name. The above figures (figs. 107, 108). of the cells and spores of 
both species are drawn by camera lucida to the same scale — 880 diameters. 

* Freiherrn von Hohenbiihel-Heufler, in "(Esterr. Botan. Zeitschrift»" 
No. 3, 1870. 

+ Fuckel, "Symbolae Mycologicse*' (1869), p. 49. 
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ES, produces an ^cidiiini, witTi its constant companion, sper- 
mogoDia — distinct cjats, that is, from which a quantity of minote 
bodies ooze out, often in the form of a tendril, the function of 
which is imperfectly known at present, but wliich from analogy 
wo regard aa a form of fruit, though it is just possible that they 
may be ratlier of the nature of spermatozoids. The .Avidia 
contain, within a cellular membranous sac, a fructifying disc, 
which produces necklaces of sporoa, which ultimately separate 
from each other in the form of a granular powder. The grains 
of which it is composed germinate in their turn, no longer 
avoiding ilic stomates as before, tut penetrating through their 
aperture ioto the parenchym. The new reaoltant mycelium 
reprodaces the Ui-cdo, or fifth form of fructification, and the 
Vredo spores fall off like tliosa of the ^cidium, and in respect 
of germination, and mode of penetration, present precisely the 
same phenomena. The disc which has produced the Uredo 
aporea now gives rise to the resting spores, and so the cycle is 



The late Professor CEi'sted, of Copenhagen, was of opinion 
that he had demonstrated the polymorphy of the Trcmelloid 
TTredines, and satisfied himself that the one condition known as 
PodUoma was but another stage of Emsl&lia.f Some freshly 
gathered specimens of Gpnnosporangiiim were damped with 
water, and during the night following the spores germinated 
profusely, so that the teleatospores formed an orange-coloured 
powder. A little of this powder was placed on the leaves of 
five small sorbs, which were damped and placed under bell- 
glasses. In five days yellow spots were seen on the leaves, and 
in two days more indications of spermogonia. The spormatia 
were discharged, and in two months from the first sowing, 

'Almost simullaneoiisly with De Bury, the lata Profaasnr (Ersted inatitutod 
experiinents, from which tbe aitme results ensued, u to /Utidiain beritridU nod 
Ptteeixia graTaimt. See "Jaurn. UorL Soc. Lonil." neveer. i. p, S5. 

+ "Orenigt aver deb Rod. Dunske Videna. &ilsUhs" {ISSfl), p, 1S5. t. 8, 4; 
(18S7,) p. Wi, t. 3, i; "H6stim6 du Bulletin de la Soo. Hoy. Daiiaiae Uta 
Sciences" (ISati), p. IS ; USflT), p. 33; ■ ■ Botaoische ZmtaDg " <lSfl7), p. 101 j 
" Quekett MioroBcopieal Club Journal," tdI. ii. p. 260. 
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tho pcridia of Boestelia appeared, and were developed. ** This 
trial of spores,'^ says CErsted, " has conduced to the result ex- 
pected, and proves that the teleutospores of Gymnosporangium^ 
when transported upon the sorb, give rise to a totally different 
fungus, the Scssfelia cornufa, that is to say, that an alternate 
generation comes between these fungi. They appertain in con- 
sequence to a single species, and the Gymnosporangium ceased to 
be an independent species, and roust be considered as synony- 
mous with the first generation of Rcestelia, The spores have 
been transported upon young shoots of the juniper-tree, and 
have now commenced to produce some mycelium in the bark. 
There is no doubt that in next spring it will result in Gymno- 
sporavgiumJ'^ 

Subsequently the same learned professor instituted similar 
experiments upon other hosts, with the spores of Podisoma, and 
from thence he concluded that Boestelia and Podisoma^ in all 
their known species, were but forms the one of the other. 
Hitherto we are not aware that these results have been con- 
firmed, or that the sowing of the spores of Boestelia on juniper 
resulted in Podisoma, Such experiments should be received 
always with care, and not too hastily accepted in their apparent 
results as proven facts. Who shall say that Boestelia would not 
have appeared on So7'htis within two months without the sowing 
of Podisoma spores? — because it is not by any means uncommon 
for that fungus to appear upon that plant. It is true many 
mycologists wiite and speak of Boestelia and Podisoma (or 
Gymnosporangium) as identical ; but, as we think, without the 
evidence being so complete as to be beyond suspicion. It is, 
nevertheless, a curious fact that in Europe the number of species 
of Boestelia and Podisoma are equal, if one species be excluded, 
which is certainly not a good Podisoma, for the reception of 
which a new genus has been proposed.* 

Amongst the ascigerous fungi will be found a curious but inte- 
resting genus formerly called Cordyceps, but for which Tulasne, 
in consequence of the discovery of secondary forms of fruit, 

• This is Podisoma fuliicolay B. and Br., or, as proposed in "Joum. Qaekett 
Club," ii. p. 2G7, Sarcos'roma Berheleyiy C. 
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has Bubstituted that of Toi-ritlia,* These curious fuugi partako 
1 OF less of a clavate form, and are parasitic ou iusccts. 
The pupffl of moths are somctiraea Been bearing upon them the 
white branched mould, something IHie a Claearia in appearance, 
towhich the name of Jsaria far mesa has teen g-i^en. According 
to Tulasno, this is the conidia form of the bright scarlet, c]uli- 
shaped body which is also found en dead pttpte, called Torruhia 
militarig. An American mould of the same genus, Isaria 
sphinguTH, found on mature mothE,')' is in like manner declared to 
be the conidia of Tarrubia tphingvm; whereas a similar mould, 
fonnd on dead spiders, called Itaria araclmopliila.,X is probably 
of a similar nature. An allied kind of compact mould, ■which 
is parasitic on Cocci, oa the bai'li: of trees, recently found in 
England by Mr. C. B. Broome, and named Microcera coccojtliila,^ 
' is said by Tulasne to be a condition of Sphwrostilhe, and it is 
intimated that other productions of a similar character bear 
like relations to other aphceriaeeous fungi. For many species 
of ToTFithia no corresponding conidia are yet known. 

Some instances might be noted, not without interest, in 
which the facts of dimorphism or polymorphism have not been 
Batiafactorily proved, but final jndgment is held in suspense 
until suspicion is replaced by conviction. Some years since, a 
quantity of dead box leaves were collected, on which flourished at 
the time a mould named Feiiicillium roseum. This mould has a 
roseate tint, and occnrs in patches on the dead leaves lying upon 
the ground ; the threads are erect and bi-anched above, bearing 
chains oF ohlong, somewhat spindle-shaped spores, or, perhaps 
more accurately, conidia. When collected, these leaves were 
examined, and notliing was observed or noted, upon them except 
this JPenioillium. After some tinae, certainly between two and 
three years, during which period the box remained nndisturbed, 
circomstances led to the esamination again of one or two of the 
loaves, and afterwards of the greater number of them, when the 

• Talaana, " Selecta Fqngornm Carpologiti,' liL p. 6, pi. L figa. 1B-3L 
+ Oroinor's " Papilio Kiotio " (178!^, fig. 287. 
t Cooke, " Handbook," p, BJ8, Bo, 1639. 
I Ibid, p. ssa, No. IflSS. 
10 
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patches of JPenieillium wei-e ftrand to bo intermixed with oaoibM- 
monld of a higher development, and far different character. 
This mould, or rather Miwor, coDsists of erect brandling 
threads, many of the branches terminating in a delicate globose, 
glassy head, or sporanginm, containing nuracrons very minnte 
sul^lobose aporidia. This F^pcciea was named Mucor hyaliiiu*.* 
The habit is very mach like that of the Penicillium, bnt withon^. 
any roseate tint. It is almost certain that the Mucor conld not- 
have been present when the Penicillium was examined, and tfa^! 
leaves on which it had grown were enclosed in the tin boa, but 
that the Miiror afterwards appeared on the same leaves, some> 
times irom the same patches, »nd, as it would appear, from the 
same mycelium. The great diiTerence in the two species lies in 
the fmctiReation. In the Fenieillinm, the spores are naked, and 
in moniliform threads ; whilst in Mucor the spores are enclosed 
within globose membraneons heads or sporangia. Scarcely 
we donbt that the J/urior alluded to above, fonnd thus intermiii 
under peculiar circumstances, with Penicillium roseum, is no ol 
than the higher and more complete form of that species, and'< 
that the Penicillium is only its conidiiferous state. The prarii 
sumption in this case is stroug, and not so open to suspicion as H 
would be did not analogy render it so extremely probable 
such is the case, apart from the fact of both forms springiog, 
from the same mass of mycelium. In anch minnte and delicate'' 
Btriictnrea it is very difficult to manipnlate the specimens so as 
to arrive at positive evidence. If a filament of mycelium conld 
be isolated snccessfnlly, and a fertile thread, bearing the frnit of 
each form, could be ti-accd fi'om the same individual mycelii 
thread, the evidence would be conclusive. In default of saohj 
conclusive evidence, we are compelled to rest with BSSnmpticHi' 
until further researches enable ns to record the assnmptioi 
fact-t 

Apropos of this very connection of Penicillium with Mucor, 
similar suspicion attaches to an instance noted by a wholly difl-' 
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interested obseirer to this eBect. " On a preparation preserved 
in a moist chamber, on the third day a. white speck was seen on 
(he surface, consisting of innumerable 'yeast' cells, with some 
filaments, brancliing iu all directioiiB. Oa the fourth day tufts 
of Penicillin m had developed two Tarieties — P. glaucum and 
P. ciriJe. This continned until the ninth day, when a few of 
the filaments springing np in the midst of the PenicilUurn wei* 
tipped with a dewdrop-like dilatation, excessively delicate — a 
mere distended jiellicle. In some case? they scenied to bo 
derived from the same filament as others bearing the ordinary 
branching spores of PenicHUiim, but of this I could not be 
positive. This kind of fructification increased rajtidly, and on 
the fonrteenth day spores had undoubtedly developed within the 
pcUicIe, jnst as had been observed in a previous cultivation, 
precisely similar revolving moveraents being also manifested."* 
Although we Lave here another instaTice of il/«ror and PenicilUina 
growing in contact, the evidence is insufficient to warrant more 
than a suspicion of their identity, inasmuch as the equally 
minDte Bpores of Ifacor and Penivillium might have mingled, 
and each producing its kind, no relatinuahip whatever have 
existed between them, except their development from the same 
matrix. 

Another case of association — for the evidence does not proceed 
further— was recorded by us, in which a dark-coloured species 
of Penioillium was closely associated with what we now believe 
to be a species of Macroeporiam — but then designated a iS^o- 
ridetmium — and a minate Sphteria growing in succession on 
damp wall-paper. Association is all that the facts warrant us 
in calling it. 

We cannot forbear alluding to one of the species of Sphteria 
to which Talasne f attributes a variety of forms of fruit, and we 
do BO here because wo think that a circumstance so extraordi- 
nary should be coufirmed before it is accepted as absolutely trne. 
This refers to the common Sphceria found on herbaceous plants, 

• Lewia's "Beport On iRcroacopio ObJBcts fonnd in CLolera ETacuiilinnB," 
Oalcatta, 1570. 

f Tulasne, "SeleoU FuLgorum Ou^logia," ii. p, 261. 
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known as Sphwria (Pleospora) lierbarum. First of all tho very 
common mould called Clados^porium Jierharnm is constituted as 
conidia, and of this again Macrospoi^ium sarcinula^ Berk., is con- 
sidered to be another condition. In the next place, Cytispora 
orbicularis. Berk., and ]?homa herharum. West, are regarded as 
pycnidia, enclosing stylospores. Then Alternaria tenuis, Pr.,* 
which is said to be parasitic on Cladosporium herharum, is held 
to be only a form of that species, so that here we have (including 
tho perithecia) no less than six forms or phases for the same 
fungus. As Macrosporium Cheiranthi, Pr., often is found in 
company with Cladosporium herbarum, that is also open to 
suspicion. 

We have adduced in tho foregoing pages a few instances 
which will serve to illustrate the polymorphism of fungi. 
Some of these it will be observed are accepted as beyond doubt, 
occurring as they do in intimate relationship with each other. 
Others are considered as scarcely so well established, but 
probable, although developed sometimes on different species of 
plants. Finally, some are regarded as hitherto not satisfactorily 
proved, or, it may be, only suspicious. In this latter group, 
however much probability may be in their favour, it can hardly 
be deemed philosophical to accept them on such slender evidence 
as in some cases alone is afforded. It would not have been 
diflBcult to have extended the latter group considerably by the 
addition of instances enumerated by various mycologists in 
their works without any explanation of the data upon which 
their conclusions have been founded. In fact, altogether this 
chapter mast be accepted as illustrative and suggestive, but by 
no means as exhaustive. 

• Corda, •* Prachtflora," plate vit 




It ia no longer doubted thai fungi esercise a larg-o and very 
important inflnence in the economy of nature. It may bo that 
in some directions tLeao influences are exag^jcraied j but it is 
certain that on the whole their influence is far more important 
for evil and for good than that of any other of the Cryptogamia, 
In our endcaYonr to estimate the character and extent of these 
infiuenoea it will prove advantag'eoua to examine them under 
three sections. 1. Their inflnence on man, 2. Their influence 
on lower animals. 3. Their influence on vegetation. Under 
these secfciona the chief facts may be grouped, and some approxi- 
mate idea obtained of the very great impoi'tance of this family of 
inferior plants, and consequently tlie advisability of p'lrsning 
their study more thoroughly and nationally than has hitherto 
been done. 

I. In estimating the influence of fungi upon man, we naturally 
enongh seek in the first instance to know vviiat baneful eOects 
they are capable of producing on food. Although in the case of 
"poisonous fungi," popularly understood, fungi may l>e the 
passive agents, jet they cannot be ignored in an inquiry of this 
nature. Writing of the Uses of I'angi, wo have already shown 
that a, large number are available for food, and same of these 
real delicacies ; so, oa the other Land, it becomes imperative, 
even with stronger emphasis, to declare that many are poiaoaons, 
and some of thom virulently so. It ia not sufficient to say that 
they are perfectly harmleBS until voluntarily introduced into tha 
bamim system, whilst it is well known that accidents are alwaya 
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possible, and probably would be if every baneful fungus had tlie 
word POISON inscribed in capitals on its pileus. 

The inquiry is constantly being made as to what plain rules 
can be given for distinguishing poisonous from edible fungi, and 
we can answer only that there are none other than those which 
apply to flowering plants. How can aconite, henbane, cenanthe, 
stramonium, and such plants, Le distinguished from parsley, 
sorrel, watercress, or spinach ? Manifestly not by any general 
characters, but by specific differences. And so it is with the 
fungi. We must learn to discriminate Agaricus mtiscarius from 
AgaricTis ruhescens, in the same manner as we would discriminate 
parsley from JEtliiisa cynapium. Indeed, fungi have an advantage 
in this respect, since one or two general cautions can be given, 
when none such are applicable for higher plants. For instance, 
it may be said truly that all fungi tl^at exhibit a rapid change 
to blue when bruised or broken should be avoided; that all 
Agarics are open to suspicion which possess an acrid taste ; that 
fungi found growing on wood should not be eaten unless the 
species is well known ; that no species of edible fungus has a 
strong, unpleasant odour, and similar cautions, which, after all, 
are insufficient. The only safe guide lies in mastering, one by 
one, the specific distinctions, and increasing the number of one's 
own esculents gradually, by dint of knowledge and experience, 
even as a child learns to distinguish a filbert from an acorn, or 
with wider experience will thrust in his mouth a leaf of Occalis 
and reject that of the white clover. 

One of the most deleterious of fungi that we possess is at the 
same time one of the most beautiful. This is the Agaricus 
muscariuSf or Fly Agaric, which is sometimes used as a fly 
poison.* It has a bright crimson pileus studded with pale 
whitish (sometimes yellowish) warts, and a stem and gills of 
ivory whiteness. Many instances have been recorded of poison- 
ing by this ftingus, and amongst them some British soldiers 
abroad, and yet it cannot be doubted that this fungus is eaten in 

* A detailed account of the peculiar properties of this fungus and its employ<- 
ment as a narcotic will be found in Cooke's "Seven Sisters of Sleep," p. 837. 
It is figured in Greville's ** Scottish Cryptogamic Flora," plate 54. 
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Rassift. Two instances hare come under our notice of persons 
witb some botAnical knowledge, &nd one a gardener, who bad 
resided in Rossia and eaten of tbis fongos. la one case tbe Flj 
Agaric A-as collected and ebown to as, and in tbe otber tbe 
figore was indicated, so tbat we might be under no doabt as to 
the species. Only one hypothesis can be odrauced in explana- 
tion. It is known tbat a large nnmber of fnngi are eaten in 
Russia, and that tliey enter mncb into the domestic eookerj of 
tbe peasantry, bnt it is also known that they pay conoid emblu 
attention to the mode of cooking, aud add a large axnoant of salt 
and vinegar, both of which, with long boiling, must be powerful 
agents in counteracting the poison (probably somewhat volatile) 
of such fnngi as tbe Fly Agaric. In this place we may give a 
recipe published by a French author of a process for rendering 
poisonons fungi edible. It most be taken on his authority, and 
not our own, as we have never made the experiment, notwith- 
etauding it seems somewhat feasible;— For each pound of mush- 
rooms, cut into moderately small pieces, take a quart of water 
acidulated with two or throe spoonfuls of vinegar, or two spoon- 
fuls of hay salt. Leave the mushrooms to macerate in the liquid 
for two hours, then wash them with plenty of water ; this done, 
put them in cold water and make tlicm boil. After a quarter or 
half hour's boiling take them off and wash them, then drain, and 
prepare them either as a special dish, or use them for seasoning 
in the same manner as other species.* 

This method is said to have been tried successfully with soma 
of the most dangerous kinds. Of these may be mentioned the 
emetic mushroom, Bussula einetictt, with a bright red pileus aitd 

* Poar chac|ne 500 gntmmfs de ehampi^ons coupts en unrceoux d'aiwei 
iDHliocre giandenr, il but on lilrp d'eaa ncidolee psr deax ou imia cuitlen!es it 
viDBigre, oa deni enillereis de Bel Rria. Dans te cks on Ton c'&unut c|ue He I'naa 
A n dispueilion, il faat Is renooveler itn« ou deox foia. Ud laisse We chani- 
pignoni Duwi^cer dims le liqiiide p«adHnt deux beures entiim, giuia on les lave i 
eiande eau. Ua aont alors inis dans de I'eau frorde qu'oa porte i rfbaltilion, ct 
■prfe un quart d'houre ou nne demi-benre, ou laa rolire, on leB lii»e, on lea 
easuie, ct on les appr^te Bolt coniuie un mete Ep^cial, el ils eoni)iaiient lea 
m^Toea aaBaisoiineiiieiits qns lia antrea, suit caiiime CDiidiiniMit. — ilurtl TraiU 
dea Vltampignoni, p. IJi. Forlii, liJdS. 
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white giUs, whicb has a clear, waxy, tempting appearance, bnt 
which is so virulent that a small portion is snfficient to produce 
disagreeable consequences. It would be safer to eschew.all fungi 
with a red or crimson pileus than to run the risk of indulging in 
this. A white species, which, however, is not very common, 
with a bulbous base enclosed in a volva, called Agaricus vermis^ 
should also be avoided. The pink spored species should also be 
regarded with suspicion. Of the Boleti several turn blue when 
cut or broken, and these again require to be discarded. This is 
especially the case with Bolettis luridus* and Boletus SatanaSyf 
two species which have the under surface or orifice of the pores 
of a vermilion or blood-red colour. 

Not only are species which are known to be poisonous to be 
avoided, but discretion should be used in eating recognized good 
species. Fungi undergo chemical changes so rapidly that even 
the cultivated mushroom may cause inconvenience if kept so 
long after being gathered as to undergo chemical change. It is 
not enough that they should be of a good kind, but also fresh. 
The employment of plenty of salt in their preparation is calcu- 
lated very much to neutralize any deleterious property. Salt, 
pepper, and vinegar are much more freely employed abroad in 
preparing fungi than with us, and with manifest advantage. 

It is undoubtedly true that fungi exert an important influence 
in skin diseases. This seems to be admitted on all hands by 
medical men, J however much they may differ on the question of 
the extent to which they are the cause or consequence of disease. 
Facts generally seem to bear out the opinion that a great number 
of skin diseases are aggravated, and even produced, by ftingi. 
Robin § insists that a peculiar soil is necessary, and Dr. Fox 
says it is usually taught that tuberculous, scrofulous, and dirty 
people furnish the best nidus. It is scarcely necessary to enu- 

• Smith's " Chart of Poisonous Fungi," fig. 10. 

t Ibid. fig. 27. It would be well to become acquainted with all these figures. 

t ** Skin Diseases of Parasitic Origin," by Dr. Tilbury Fox. London, 1863. 

§ Robin, "Hist. Nat. des Vegetaux Parasites.'* Paris, 1853. Kuchenmeister, 
•* Animal and Vegetable Parasites of the Human Body.*' London, Sydenham 
Society, 1867. 
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merate all these diseases, irith whicb medical men &re familiar, 
but eimpl; to iodicate a few. TLere is favos or ecall-liead, 
called also " poirigo," wliicli has its primary seat in the Lair 
tulliclca. Plica polonica, nhich is endemic in Russia, is almost 
coBmopolitan. Theu there is Tinea tonsurans, Alopecia, 
Sycosis, Ac, and in India a more deeply-seated disease, the 
Madara Foot, has been traced to the ravages of » fangos 
described nnder the name of CHonyphe Carteri.* It is probable 
that the application of diCFerent names to the very often im- 
perfect forms of fungi which are associated with different 
diseases is not Ecientificallv' tenable. Perhaps one or two 
common moalds, sach as Axpergillue or fenieiUium, lie at (he 
base of tbe majority, but this is of little importance here, and 
does not affect the general principle that Bome skin diseases are 
due to fungi. 

Whilst admitting that there are auch diseases, it must be 
anderstood tbat diseases have been attributed to fangi as a 
primary cause, when the evidence does not warrant such a 
conclusion. Diphtheria and thrDuh have been referi-ed to tbe 
deraatatious of fnngi, whereas diphtber^ certainly may and 
does occur without any trace of fungi. Ferera may some- 
times bo accompanied by fungoid bodies in tbe evacuations, 
but it is very difficalt to determine them. The whole 
question of epidemic diseases being caused by the presence 
of fungi eeems based ou most incomplete evidence. Dr. 
Salisbury vvaa of opinion that camp measles was produced by 
Puccinia graiiiinU, tbe pscudospores of which germinated in 
tbe damp straw, disseminated the resultant secondary bodies in 
tbe air, and caused tbe disease. This has never beeu veriliod. 
Measles, too, has been attributed freely, as well as scarlatiua.f 
to fuugal influences, and the endeavours to implicate fungi in 
being the cause of cholera have been pertinacionsly persevered 
in with no conviction, Tbe presence of certain cysts, said to 
bo those of Uroci/ttig, derived from rice, was anoounced by Dr. 

• Bcrkcli'j, in " Intollcclual Obsorvar," Hoy., 1803. " Mycoloma," 11, 
VoniljkB Carter, UU. 
i* Haltier >ni) Zuni, "ZeitacfariCt fiir PsraEiitenkaude." Jena, 1860-71. 
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Hsllier, but wbeti ifc was shown tha^t no sncli fnngoB mis foand 
on rice, tbia pbuae of the theory ooUapsGcl. Special and oonip^ 
tent experts were sent from thia country to esaraine the prepai-a- 
tions and hear the explanations of Dr. Hallier on his theory of 
cholera contagion, but tbey were neither couvinceil nor satisfied. 

As long ago as 1853, Dr. La,uder Lindsay examined and 
reported on cholera e vac nations, and in 1856 be declared — "H 
will be evident that I can see no satisfactory gronodwork for 
the fungDS theory of cholera, which I am not a little sarprised 
to find still poasessea powerful advocates." * And of the esam- 
inationa Dndertaten by him ho writes ; — " The mycelium and 
Bporules of various species of fungi, couatitnting various forms 
of vegetable mould, were found in the scum of the 
well as of the atoola, but only at some stage of deoompositioa. 
They are found, howevei", under similar circumstances, in the 
yotnit and stools of other diseases, and, indeed, in all decom- 
posing animal flnids, and they are therefore far from peculiar t4, 
cholera." 

Some writorH have held that the atmosphere is often highly 
charged with fungi spores, others have denied the presence of 
organic bodies to any extent in the air. The experiments con- 
ducted in India by Dr. Cunningham t have been convincing 
enough on tbia point. Tbis report states that spores and aimilarji 
cells were of constant occnrrence, and were generally present 14' 
considerable numbers. That the majority of the cells were livisj 
and ready to undergo development on meeting with suitablBJ 
conditions was very manifest, aa in those cases in which prepa* 
rations were retained under observation for any length of timas* 
germination rapidly took place in many of the cells 
many spores already germinating were deposited on the slides 
In few instances did any development take place beyond the] 

* Dr. Landar Lindsay, "On Microscopioal nnd Clinical Chsneten of Oholeii 
EraCuationB," reprinted froia " Ediabargh Mcdicsol Joarnnl," Pettraarj \ 
March, 1856 ; also '- Clinii^ Notes on Cholera," bj W. Laudi:r Lindsivy, M.D.J 
P.L.3., in " Association Medical Juuraal" for April 14, 1S54- 

t "Mioroscopic Esaiui nations of Air," from the " Riutli Annual Kcj-Jrt o£ U 
Sauitar; CammistRaner," Cukutta, 1S~2. 
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furm&tioii of mycelium, or masseB of tomloid cells, bat in 
one or two distinct Bporuiea were developed on the filaments 
Eurising from some of the larger septate spores, and ia a few 
others FeiiiciUiiim and Axpergilhit produced their characteristic 
lieads of ffactification. 

With regard to the precise nature of the spores and other 
cells present in various instances little can bo said, as, unless 
their development were to bo carefully followed out through all 
its stages, it is impossible to refer them to their correct species 
or even genera. The greater number of thom are apparently 
referable to the old orders of fungi — Spharonemei, Melanconei, 
Torulacei, Demaliei, and ILueediiiea, while some probably be- 
longed to the J'accE/iiei and Co^macei. Amongst those belonging 
to the Torulacei, the most interesting was a representative of 
the rare genus Tetraploa. Distiuct green algoid cells occurred 
in some specimens. Then follow in the report defdils of obser- 
vations made on the rise and fall of diseases, of which diarrhoea,. 
dysentery, choloia, ague, and dengue were selected and compared 
witi the increase or diminution of atmospheric cells. The con- 
clusions arrived at are : — 

" Spores and other vegetable cells are constantly present iu 
atmosphenc dust, and usually occur iu considerable numbers ; 
the majority of them ai-e living, and capable of growth and 
development. The amount of them present in the air appears 
U> bo independent of conditions of velocity and direction of the 
wind, and their number ia not diminished by moisture. 

" No connection can bo tra.ced between the numbers of 
bacteria, spores, &c., present in the air, and the occurrence of 
diarrhoea, dysentery, cholera, ague, or dengue, nor between the 
presence or abundance of any spu-cial form or forms of ceUa, and 
the prevalence of any of these diseases. 

" The amount of inorganic and amorphous particles and other 
di^'bria suspeaded in the atmosphere is directly dependent ou 
conditions of moisture and velocity of wind." 

This report is accompanied by fourteen large and welUexocutcd 
plates, each containing hundreds of figures of organic bodies col- 
lected from the air between Fcbmoiy and September. It is valu- 
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able both for its evidence as to the number and character of the 
spores in the air, and also for the tables showing the relation 
between five forms of disease, and their flnctnations, as com- 
pared with the amount of spores floating in the atmosphere. 

We are fain to believe that we have represented the influence 
of fungi on man as far as evidence seems to warrant. The 
presence of forms of mould in some of their incipient conditions 
in different diseased parts of the human body, externally and 
internally, may be admitted without the assumption that they 
are in any manner the cause of the diseased tissues, except in 
such cases as we have indicated. Hospital gangrene may be 
alluded to in this connection, and it is possible that it may be 
due to some fungus allied to the crimson spots (blood rain) 
which occur on decayed vegetation and meat in an incipient 
stage of decomposition. This fungus was at one time regarded 
as an algal, at another as animal ; but it is much more probable 
that it is a low condition of some common mould. The readiness 
with which the spores of fungi floating in the atmosphere 
adhere to and establish themselves on all putrid or corrupt sub- 
stances is manifest in the experience of all who have had to do 
with the dressing of wounds, and in this case it is a matter of 
the greatest importance that, as much as possible, atmospherical 
* contact should be avoided. 

Recently a case occurred at the Botanic Gardens at Edin- 
burgh which was somewhat novel. The assistant to the bota- 
nical professor was preparing for demonstration some dried 
specimens of a large puff-ball, filled with the dust-like spores, 
which he accidentally inhaled, and was for some time confined 
to his room under medical attendance from the irritation they 
caused. This would seem to prove that the spores of some 
fungi are liable, when inhaled in large quantities, to derange 
the system and become dangerous ; but under usual and natural 
conditions such spores are not likely to be present in the atmo- 
sphere in sufficient quantity to cause inconvenience. In the 
autumn a very large number of basidiospores must be present 
in the atmosphere of woods, and yet there is no reason to 
believe that it is more unhealthy to breathe the atmosphere of 
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a wood in September or October than in Janimry or May. 
Dreadful effects are said to be produced by a species of black 
rust which attacks the large South of Europe reed, Arundo dontM 
This is in all probability the Eame species with that which 
attacks Arundo phragmitis in this country, the spores of which 
produce violent headaches and other disorders amongst the 
laboui-ers who cut the feeds for thatching. M. Michel state-s 
that the spores from the parasite on Arundo doaax, either inhaled 
or injected, produce violent papular eraption on the face, 
attended with great swelling, and a variety of alarming symp- 
toms which it is unneceaaary to particularize, in various parts of 
the body.* Perhaps if Sareina should ultimately proTe to be a 
fuugus, it may bo added to the list of those which aggravate, if 
they are nnt the primary cause of, disease in the human subject. 
II. What inflaences can be attributed to fungi upon animals 
other than man ? Clearly instinct preserves animals from many 
dangers. It may bo presumed that under ordinary circum- 
stances there is not much fear of a cow or a sheep poisoning 
itself in a pasture or a wood. But under extraordinary 
circumstances it is not only possible, but very probable, that 
injuries may occur. For instance, it is well fcnowu that not 
ouly rye and wheat, but also many of the grasses, are liable to 
infection from a peculiar form of fungus called "ergot." In 
certain seasons this ergot is much more common than others, 
and the belief is strong in those who ought to know something 
of the subject from experience, viz., farmers and graziers, that in 
such seasons it is not uncommon for cattle to slip their young 
through feeding on ergotized grass. Then, again, it is fairly 
open to inquiry whether, in years when "red rust" and 
"mildew" are more than usually plentiful on grasses, these 
may not bo to a certain extent injurious. Without attempting 
to associate the cattle plague in any way with fungi on 
grass, it is nevertheless a niost remarkable coincidence that 
the year in which the cattle disease was most prevalent in 
thia country was one in which there was — at least in some 
districts — more "red mat" oa graasea than we ever remem- 
• " Qiirdeaer's ChroiiioJe," Marah 2fl, 186*. 
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bcr to have seen before or since; the clothes of a person 
waJking through the rusty field soon became orange-coloured 
from the abundance of spores. Graziers on this point again 
seem to be generally agreed, that they do not think *• red rust *' 
has been proved to be injurious to cattle. The direct influence 
of fungi on quadrupeds, birds, reptilia, &c., seems to be in- 
finitesimally small. 

Insects of various orders have been observed from time to 
time to become the prey of fungi.* That known at Guadaloupe 
under the name of La Guipe Vegetate^ or vegetable wasp, has 
been often cited as evidence that, in some instances at least, 
the fungus attacks the insect whilst still living. Dr. Madianna 
states that he has noticed the wasp still living with its in- 
cumbrance attached to it, though apparently in the last stage of 
existence, and seemiog about to perish from the influence of its 
destructive parasite.f This fungus is called by Tulasne Torrubia 
gphecocephala.X About twenty-five species of this genus of 
sphsBriaceous fungi have been described as parasitic on insects. 
Five species are recorded in South Carolina, one in Penn- 
sylvania, found on the larvoo of the May-bug, and one other 
North American species on Nocturnal Lepidoptera, one in 
Cayenne, one in Brazil, on the larva of a Cicada^ and one on a 
species of ant, two in the West Indies, one in New Guinea on 
a species of Coccus, and one on a species of Vespa in Senegal. 
In Australia two species have been recorded, and two are natives 
of New Zealand. Dr. Hooker found two in the Klhassya moun- 
tains of India, and one American species has also been found 
at Darjeeling, It has long been known that one species, which 
has a medicinal repute there, is found in China, whilst three 
have been recorded in Great Britain. Opinions are divided as 
to whether in these instances the fungus causes or is subsequent 
to the death of the insect. It is generally the belief of ento- 
mologists that the death of the insect is caused by the fungus. 

* Gray, G., ** Notices of Insects that ai-e Known to Form the Bases of Fungoid 
Parasites." London, 1858. 

t Halsey, **Ann. Lyceum," New York, 1824, p. 125. 
J Tulasne, "Selecta Fung. Carp." vol. iii. p. 17. 
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In tho case of Isaria xpiingum, which is the conidia form of a 
apecies of Torrubia, the moth haa been found standing on a, leaf, 
aa during life, with the fungiia sprouting from its body. 

Other and less perfect forma of fiingi also attack insects. 
During the summer of 18iI6, Professor Stbert collected a gi'eat 
many caterpillars of Arclia vilUca, for the purpose of watching 
their growth. These insects on arriving at their fnll size became 
quite soft, and then suddenly died. Soon after they became 
hard, and, if bent, would easily In-eak into two pieces. Their 
bodies wei-e eovored with a beautiful shining white mould. 
If Bome of the catcrpillurs aflcctfid with the parasitic mould 
were placed on the same tree with those apparently free Irora 
its attack, the latter soon exhibited signs that they also were 
attacked in the same manner, in consequence of coming into 
contact with each other.* 

Daring the spring of 1851, some twelve or twenty Bpecimens 
were found from amongst myriads of Cicada ieptemdccim, which, 
though living, had the posterior tbird of the abdominal contents 
converted into a dry, powdery, ochrcons -yellow compact mass 
of spomloid bodies. The outer coverings of that portion of 
tho insect were loose and easily detached, leaving the fungoid 
matter in the form of a eene aflixcd by its base to the unaFected 
part of the abdomen of the insect. The fungus may commence, 
says Dr. Loidy, its attacks upon the larva, develop its mycelium, 
and produce a sporalar mass within the active pupa, when many 
are probably destroyed ; but should some be only alfected so far 
as not to destroy tho organs iminediatoly essential to life, they 
might undergo their metamorphosis into tho imago, in which 
case they would be aficcted in the manner previously described. f 

The common house-fly in autumn is very usually subject to 
the attacks of a mouldy fungus called Sjioreiidtmema inutciB, or 
Empusa mulcts in former times, which is now regarded aa the 
terrestrial condition of one of the Saprolegniei-X Tho fiios 
become sluggish, and at last fix tberaselvea to some object on 

• "Berlin Entom. Zeitmig," 1858, p. 17S. 

■f- "Smillmoman CaDtrilintiDQB to Edowleilge," T. p. S3. 

t "Wiegniann Arab i v." 1836, ii. p. 354; "Ann. Nut. Utst." 161], *05. 
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which, they die, with their legs extended and head depressed, 
the body and wings soon becoming covered with a minute white 
mould, the joints of which fall on the surrounding object. Ex- 
amples are readily distinguished when they settle on windows 
:md thus succumb to their foe. Mr. Gray says that a simihar 
mould has been observed on individuals of the wasp family. 

A Oryllotalpa was found in a wood near Newark, Delaware, 
XJ. S., upon turning over a log. The insect was seen standing 
very quietly at the mouth of its oval cell, which is formed 
in the earth, having a short curved tube to the surface. Upon 
taking it up it exhibited no signs of movement, though perfectly 
fresh and lifelike in appearance. On examining it next morning 
it still presented no signs of life. Every part of the insect was 
perfect, not even the antennsB being broken. Upon feeling it, 
it was very hard and resistant, and on making an incision 
through the thorax it exhaled a fungoid odour. The insect had 
been invaded by a parasitic fungus which everywhere filled the 
animal, occupying the position of all the soft tissue, and extend- 
ing even into the tarsal joints. It formed a yellowish or cream- 
coloured compact mass.* 

The destructive silk- worm disease, Botrytis Bassianay is also 
a fungus which attacks and destroys the living insect, concern- 
ing which an immense deal has been written, but which has not 
yet been eradicated. It has also been supposed that a low form 
or imperfect condition of a mould has much to do with the 
disease of bees known as " foul brood." t 

Penicillium Fieberiy figured by Corda on a beetle, was doubt- 
Jess developed entirely after death, with which event it had 
probably nothing whatever to do. J SuflBcient, however, has 
been written to show that fungi have an influence on insect life, 
and this might be extended to other animal forms, as to spiders, 
on which one or two species of Isaria are developed, whilst 
Dr. Leidy has recorded observations on JulVfS^ which may be 

♦ Leidy, "Proc. Adad. Nat. Sci. Phil." 1851, p. 204. 
t ** Gardener's Chronicle," November 21, 1868. 
X Corda, " Prachtflora," pi. ix. 

§ Leidy, '* Fauna and Flora within Living Animals,*' in ''Smithsonian Con< 
tributions to Knowledge." 
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perased with advantage. Fisli are snbject to a mouldy-looking 

' parasite belonging to the Saprotegniei, and a Bimilar form 

' attacks the ova of tonds and frogs. Gold fish in globes and 

aqnaria are vory subject to attack from this mouldy enemy, and 

althougli wo have seen them recover under a constant change of 

water, this is by no means always the case, for in a few weeks 

' the parasite will nsnally prevail. 

The influence of fungi upon animals in countries other than 
' European is very little known, except in the case of the species 
of Torrvhia found on insects, and the diseases to which Bilk- 
worms are sabject. Instances have been i-ecordcd of the occur- 
rence of fnngoid mycelium — for in most it is nothing more — in 
the tissues of animals, in the hard structure of bone and shell, 
in the intestines, lungs, and other fleshy parts, and in various 
I' organs of birds.* In some of the latter cases it has beeu de- 
I scribed as a ilucor, in most it is merely cella without sufficient 
' character for determination. It is by no means improbable that 
I fungi may be found in such situations; the only question with 
' regard to them la whether they arc not accidental, and not the 
producers of unhealthy or diseased tissues, even when found in 
' proximity thereto. 

There is one phase of the infliicuces of fungi on the lower 
1 animals which must not bo wbolly passed over, and that is the 
relation which they bear to some of the insect tribes in fur- 
nishing them with food. It is especially the case with the 
' Coleoplera that many species seom. to be entirely dependent on 
fungi for existence, since they are found in no other situations. 
Beetle-hunters tell ns that old Poli/porei, and similar I'ungi of 
' a corty or woody nature, are always sought after for certain 
species which they seek in vain elsewhere, f and those who pos- 
sess herbaria know how destructive certain minute members of 
the animal kingdom are to their choicest specimens, against 
whose depredations even poison is sometimes unavailing. 

Some of the tfredines, as TrichohatU tuaveolens and Culeogpo- 
n riunt tonchi, are generally accompanied by a little orange larva 
I " M« 



a "MontLIyUkniMopical Journal" (1872), Tii. p. HO. 
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which preya upon the fnngua; and in the United States Dr. 
Bolles informs na that some Epccies of ^ciiUum are bo con- 
stantly infested with this red larva that it is scarcely posBible 
to get a good specimen, or to keep it from its sworn enemy. 
Minute Anijiiillidee revel in tufts of mould, and fleshy Agarics, 
as they pass into decay, become colonies of insect life. Small 
Lfpidoptera, belonging to the T'iiteina, appear to have a lifcing 
for such Poli/pm'ei as F. wl/ureut when it becomes dry and 
hard, or P. xinamosux when it has attained a similar condition. 
Aeari and Psocid^ attack dried fungi of all kinds, and speedily 
reduce them to an unrecognizable powder. 

Ill, What are the influences exerted by fungi on other 
plants ? This is a broad subject, but withal an important one, 
since these influences act indirectly on man as well as on the 
lower animals. On man, inaamach as it interferes with the vege- 
table portion of liis (bod, either by checking its production or 
depreciating its quality. On the lower animals, since by this 
moans not only is their natural food deteriorated or diminished, 
but throngh it injuriouH effects are liable to be produced by the 
iutrodnction of minute fungi into the system. The.so remarks 
apply mainly to fungi which are parasitic on living plants. On 
the other hand, the inUuence of fnngi must not be lost sight of 
as the scavengers of nature when dealing with dead and decay- 
ing vegetable matter. Therefore, as in other instances, we have 
hero also good and bad iuflaences intermingled, so that it can~ 
. not be said that they are wholly evil, or nnmiied good. 

Wherever we enconater decaying vegetable matter we meet 
with fungi, living upon and at the expense of decay, appropri- 
ating the changed elements of previons vegetable life to the 
I support of a new generation, and hastening disintegration and 

' assimilation wilh the soU. No one can have observed the 

L mycelium of fungi at work on old stumps, twigs, and decayed 

■ wood, without being struck with the rapidity and certainty with 

K which disintegration is being carried on. The gardener casts 

I on one side, in a pile as rubbish, twigs and cnttinga from luK 

I trees, which are useless to him, but which have all derived much 

I from tho soil on which they flourished. Shoriily fungi mako 
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their appearance in epecies almost inntinicrablQ, scading tlieir 
subtle threads of mycelium deep into tbe tissues of the woody 
substance, and tbe whole mass teotns with new life. In this 
metamorpliosis as tbe fiingi iloarisb so the twigs decay, for tbe 
new life is supported at the expense of tbe old, and together 
the destrnjers and their vietima return as useful constituents to 
tlio soil from whence they were derived, and form fresli p^bnlum 
for a snccceding season of green leaves and sweet flowers. In 
woods and foroata we can even more readily appreciate the good 
offices of fangi in accelerating tbe decay of fallen loaves and 
twig's which surround tbe base of the parent trees. In such 
places Ifature is left absolutely to her own resources, and what 
man would accomplisb in his carefully attended gardens and 
shiTibberies must here be done without bia aid. What we call 
decay ia merely change ; change of form, change of relationship, 
change of composition; and all these changes are effected by 
various conibined agencies— water, air, light, heat, these furnish- 
ing new and suitable conditions for the development of a new 
race of vegetables. These, by their vigorous growth, contiuno 
what water and oiygcn. stimulated by light and heat, had 
begun, and as they flourish for a brief season on the fallen 
glories of the past summoi', make preparation for tho coming 
spring. 

Unfortunately this destructive power of fungi over vegetable 
tissaes is too often exemplified ia a manner which man does not 
approve. Tho dry rot is a name which bas been given to tbe 
ravages of more than one species of fungus which flourishes at 
the cKpense of the timber it destroys. One of these forms of 
dry rot fungus is Meralius lacrymang, which is sometimes spoken 
of as if it wore the only one, though perhaps the most destruc- 
tive in houses. Another is FoTi/jiorut ki/hridui, which attacks 
oak-built vesbek;* and these are not the only ones which are 
cnpable of mischief. It appears that the dry rot fungns acts 
indirectly on the wood, whoso cdIIs are saturated with its juice, 
aud inconsequence lose their liginne mid cellulose, tlioiigh their 
walls suffer no corrosion. The i\ iU'Li'unt forms of dceuy in wood 

" Sowcrbj's " Fungi/' i.lalea 2S0 ajiJ £87, fit- "■ 
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are accompanied by fungi, which either completely destroy the 
tissue, or alter its nature so much by the abstraction of the 
cellulose and lignine, that it becomes loose and friable. Thus 
fungi induce the rapid destruction of decaying wood. These 
are the conclusions determined by Schacht, in his memoir on 
the subject.* 

We may allude, in passing, to another phase of destructivc- 
ness in the mycelium of fungi, which traverse the soil and in- 
terfere most injuriously with the growth of shrubs and trees. 
The reader of journals devoted to horticulture will not fail to 
notice the constant appeals for advice to stop the work of fuugi 
in the soil, which sometimes threatens vines, at others conifers, 
and at others rhododendrons. Dead leaves, and other vegetable 
substances, not thoroughly and completely decayed, are almost 
sure to introduce this unwelcome element. 

Living plants suffer considerably from the predations of para- 
sitic species, and foremost amongst these in importance are 
those which attack the cereals. The corn mildew and its accom- 
panying rust are cosmopolitan, as far as we know, wherever 
corn is cultivated, whether in Australia or on the slopes of the 
Himalayas. The same may also be said of smut, for Ustilaqo is 
as common in Asia and America as in Europe. We have seen it 
on numerous grasses as well as on barley from the Punjab, and 
a species different from Ustilago maydis on the male florets of 
maize from the same locality. In addition to this, we learn 
that in 1870 one form made its appearance on rice. It was 
described as constituting in some of the infested grains a 
whitish, gummy, interlaced, ill- defined, thread-like mycelium, 
growing at the expense of the tissues of the affected organs, 
and at last becoming converted into a more or less coherent 
mass of spores, of a dirty green colour, on the exterior of the 
deformed grains. Beneath the outer coating the aggregated 
spores arc of a bright orange red ; the central portion has a vesi- 
cular appearance, and is white in colour.f It is difficult to 

* Schacht, '* Fungous Threads in the Cells of Plants," in Pringsheim's ** Jahr- 
buch." Berlin, 1863. 

t ** Proceedings of the Agii. Hort. Soc. of India" (1871), p. 85. 
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dutermine from the description what this ao-called Vstiln^o may 
be, which waa Bftiil to ha,ye affected a considevablo portion of the 
standing' rice crop in the vicinity of Diamond Harbonr. 

Bnnt is another pest {TilleCta carieei) which occupies the 
whole fai'innceons portion of the grains of wheat. Since 
dressing tlic sceii wheat has been so widely adopted in this 
conntry, this pest has been of comparatively little trouble. 
Sorghnm and the small millets, in countries where these are 
cnltivated for food, are liable to attacks from allied parasites. 
Ergot attacks wheat and rice as well as rye, but not to such an 
extent as to have any important influence npon tlie crop. Two 
or three other species of fungi are sometimoa locally trouble- 
some, as Dilopliospora graviinia, and Septoria nodorun on wheat, 
but not to any considerable extent. In countries where maize ia 
extensively grown it has not only its own species of mildew 
{Pttceinia), but also one of the moat enormons and destructive 
species of Velilago. 

A singular parasite on prassoa was found by Ccsati in Italy, 
in 1851), infesting' the glumes oP Anilropojon.* It received ihe 
name of Cerehella Andropoffoitia, but it never appears to have 
inci'Oased and spread to sueh an extent as was at lirst feared. 

Even more destructive than any of these is tlie potato 
discaset (Perononpora infeifatiK), vrhich is, unfor Innately, too 
well known to need description. This disease was at one tinje 
attributed to various canscs, but long since its ascertained sonroe 
has been acknowledged to bo a. species of white mould, which 
also attaclis tomatoes, but less vigorously. De Bary has given 
considerable attention to this disease, and his opinions are 
clearly detailed in his memoir on Peronospora, as well as in his 
special pamphlet on the potato disease.J One sees the cause of 
the epidemic, he says, in the diseased state of the potato itse]'', 
produced either accidentally by unfavourable conditions of soi! 
and atmosphere, or by a depravation that the plant has ciperi- 

• " Gardeuer'* Chronicle" (1852). p. 643, with fig. 

+ Berkeley, "On the Potato Mnrniin," in "Jonr. Hort. Soo." toI. L (1S46), 
p. 9. 

t Db Dary, " Die gBgenwartig herrachcnde Kartoflelkriuikheit." 
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cnced in its culture. According to tliese opinions, tho vegetation 
of the parasite would be purely accidental, tlie disease would be 
independent of it, the parasite would be able frequently even to 
spare the diseased organs. Others see in the vegetation of the 
Peronospora the immediate or indirect dause of the various 
symptoms of the disease ; either that the parasite invades the 
stalks of the potato, and in destroying them, or, so to speak, in 
poisoning them, determines a diseased state of the tubercles, or 
that it introduces itself into all the organs of the plant, and 
that its vegetation is the immediate cause of all the symptoms 
of the disease that one meets with in any organ whatever. 
His observations rigorously proved that the opinions of the 
latter were those only which were well founded. All the altera- 
tions seen on examining spontaneous individuals are found 
when the Peronospora is sown in a nourishing plant. The most 
scrupulous examination demonstrates the most perfect identity 
between the cultivated and spontaneous individuals as much in 
the organization of the parasite as in the alteration of the plant 
that nourishes it. In the experiments that he had made he 
affirms that he never observed an individual or unhealthy pre- 
disposition of the nourishing plant. It appeared to him, on the 
contrary, that the more the plant was healthy, the more the 
mould prospered. 

We cannot follow him through all the details of the growth 
and development of the disease, or of his experiments on this 
and allied species, which resulted in the affirmation that the 
mould immediately determines the disease of the tubercles as 
well as that of the leaves, and that the vegetation of the 
Feronospora alone determines the redoubtable epidemic to which 
the potato is exposed.* We believe that this same observer 
is still engaged in a series of observations, with the view, 
if possible, of suggesting some remedy or mitigation of the 
disease. 

Dr. Hassall pointed out, many years since, the action of 
fungous mycelium, when coming in contact with cellular tissuSi 

• De Bary, " Memoir on Peronospora,** in *' Annales des Sci. Nat." 



of indncing decomposition, a fact which has been fully conGmied 
by Berkeley. 

Unfortunately there are other species of the same genus of 
monlda which are very deBtmctivo to garden produce, Perono- 
tpora ganglijormit, B., attacks lettnces, and ia but too common 
inid injnrioua. Peronospora effastr, Grev., ia fonnd on Bpinach 
and allied plants. Peronospoi-a Schleideniana, D. By,, ia in somo 
years very common and destrnctiTe to younft ouiona, and field 
crops of Inceme are very liable to attack from Peroiiospora 
tr^oliorum, D. By. 

The vino crops arc liable to he aeriously affected by a species 
of mould, which is but the conidia form of a speciea of Erijsiphe. 
This mould, known nnder the name of Oidium Tuclcej-i, B., 
attacks the vines in hothouseB in this country, but on the Conti- 
nent the ■vineyards often sufier severely * from ita depredations ; 
nnfortonately, not the only peat to which the vine is subject, for 
an insect threatens to be even more destructive. 

Hop gardens suffer severely, in some years, from a Birailar 
disease ; in this instance the matare or nltimate form is per- 
fected. The hop mildew is Sphiei-otheca Caitai/nei, Lev., which 
first appears as whitish mouldy blotches on the leaves, soon 
becoming discoloured, and developing the black receptacles on 
either surface of the leaf. These may be regarded as tho 
cardinal diseases of fungoid origin to which useful plants are 
snbject in this country. 

Amongst those of less importance, but still troublesome 
enough to secure the anathemaa of cultivators, may be men- 
tioned Fuccinia Apit, Ca., often successful in spoiling beds of 
celery by attacking the leaves ; Cyglopus candidua. Lev., and 
Olmosporium, eoncenlricum, Grev., destructive to cabbages and 
other cruciferons plants ; Trieliohaiia Fahm, Lev., unsparing 
when onco established on beans ; Erysi'phe Marlii, Lev., in aomo 
seasons a great nuisance to the crop of pens. 

* " RcporU of H. M. Secretaries ot Euilassj Bud Legation on tLo EHacta of 
the Vine DiseoM on Commerce, 185*;" '■]Uporta of H. M. SecreUrieB of 
Embauj, Jio., on ManufactDrea and Commence, Vine Disease in Bavaria nod 
BwitMrland, 1850," pp. 51 and 62. 
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Frnifc trees do not wholly escape, for Bcesfelia cancellata^ Tul., 
attacks the leaves of the pear. Puccinia prunorum affects the 
leaves of almost all the varieties of plum. Blisters caused by 
Ascomyces deformans^ B., contort the leaves of peaches, as Asco- 
myces huUafus, B., does those of the pear, and Ascomyces jug^ 
landisy B., those of the walnut. Happily we do not at present 
sufler from Ascomyces pruni^ Fchl., which, on the Continent, 
attacks young plum-fruits, causing them to shrivel and fall. 
During the past year pear-blossoms have suffered from what seems 
to be a form of HelmintTiosporium pyrorum^ and the branches are 
sometimes infected with Capnodium elongatum ; but orchards in 
the United States have a worse foe in the " black knot,'** which 
causes gouty swellings in the branches, and is caused by the 
Sphwria morhosa of Schweinitz. 

Cotton plants in India t were described by Dr. Shortt as 
subject to the attacks of a kind of mildew, which from the 
description appeared to be a species of Erysiphe^ but on receiv- 
ing specimens from India for examination, we found it to be 
one of those diseased conditions of tissue formerly classed with 
fungi under the name of Erineum ; and a species of Tor^la 
attacks cotton pods after they are ripe. Tea leaves in planta- 
tions in Cachar have been said to suffer from some sort of blight, 
but in all that we have seen insects appear to be the depredators, 
although on the decaying leaves Hendersonia theicola, Cooke, 
establishes itself. J The coffee plantations of Ceylon suffer frY)ni 
the depredations of Hemiliea vastatrix, as well as from insects. § 
Other useful plants have also their enemies in parasitic fungi. 

Olive-trees in the south of Europe suffer from the attacks of a 
species of Antennaria, as do also orange and lemon trees from a 
Capnodium^ which covers the foliage as if with a coating of soot. 
In fact most useful plants appear to have some enemy to contend 
with, and it is fortunate, not only for the plant, but its cultiva- 

♦ C. H. Peck, **Outhe Black Knot,'* ia " Quekett MicroscopicalJoamal," 
vol. iii. p. 82. 

t Cooke, ** Microscopic Fungi," p. ITJ. 

::: " GreviUea," i. p. 90. 

*^ • viarilener's Chronicle,*' lS7'i, 
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tarn, if this enemy is Icsb exacting than is tlic case with tlie 
potato, the vine, and the hop. 

Forestry in Britain is an insignificant interest compared to 
wha-t it is in some parU of Europe, in the United States, and 
in our Indian possessions. In these latter places it becomes a 
matter of importance to inquire what influence fungi esert on 
forest trees. It may, however, bo predicated that the injury 
oaasod by ftmgi is for outstripped by insects, and that there are 
not many fungi which become pests in such situations. Coni- 
feroas trees may be infested with the species of Peridermium, 
whicli are undoubtedly injurioaa, Periderviium elaiitium, Lk., 
distorting and disSgnring the sUver fir, as Peridermium Thcnmoni, 
B.,* does those of Abie» SinitTilana in the Himalayas. This 
species occurred at an elevation of 8,000 feet. The leaves be- 
come reduced in length one-half, curved, and sprinkled, some- 
times in donble rows, with the large sori of this species, which 
gives the tree a strange appearance, and at length proves fatal, 
from the immense divereion of nutriment requisite to support a 
parasite so large and multitudinous. The dried specimens have 
a sweet scent resembling violets. In Northern Europe Oleoma 
pinitorquum, D, By., seems to be plentiful and destructive. All 
species of juniper, both in Europe and the United States, are 
liable to be attacked and distorted by species of Fodisamaf and 
Ggmnogporaiigium. Anlennaria pinopkHa, Fr., is undoubtedly 
injurious, aa also are other species of Aiitennana,vih.\a\i probably 
attain their more complete development in Gapnodium, of which 
Capnodium Citri is troublesome to orange-troes in the south of 
Europe, and other species to other trees. How far birch-trees 
are injured by Dolkidea betulina, Fr., or Melampiora beluiina, 
1j6v., or poplars and aspens by Melampaora populina, Li^v., 
and Melampsora tremuUe, Lev., wo cannot say. The species of 
Leeythea found on willow leaves have decidedly a prejudicial 
effect on the growth of the affected plant. 

Floricultaro has to contend with many fungoid enemies, wliich 
sometimes commit great ravagea amongst the choicest Sowers. 

• "Oanl«niic'BOhroiiiclo," 1852, p. 827, with %. 

" Podisomo Macropim " Hook, " Joam. Got." vol. i". pble rd\. fig. fl. 
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Roses have to contend againat the two forms of Fltra<jm%dium 
mucroiiii/uiit as well aa Astnroma Soia. Still more disasti 
is a species of Enjnphei, which at first appears like a. dense 
white mould. Thin is named Spltrgrotheca pannota. Nor is this 
all, for Peronospora tparta, when it attacks roses in conservatories, 
is raereilesa in its exactions.* Sometimes violets will be distorted 
and spoiled by Uroci/gtia Violie, The garden anemone is freely 
attacked by ^ddiuin qitndrifidmn. Orchids are liable to spot 
from fungi on the leaves, and recently the whole of the choicest 
hollyhocks have been threatened with destniction by a merciless 
I'oe ia Paeeinia malorcearum. This fungas was first made known 
to the world as an inhabitant of South America many years ago. 
It Boems next to have come into notoriety in the Aastralian 
colonies. Then two or three years ago we hear of it for the 
first time on the continent of Europe, and last year for the first 
time in any threatening form, in oar own islands. Daring the 
present year its ravages are spreading, until all admirers of 
hollyhocks begin to feci alarm lest it shonld entirely exterminata 
the hollyhock from cultivation. It is common oa wild maUows, 
and cotton cultivators mn-sb be on the alert, for there is a 
probability that other malvaceous plants may suffer. 

A writer in the "Gardener's Chronicle" has proposed a remedy 
for the hollyhock disease, which he hopes will prove effectnah 
He says, " This terrible disease has now, for twelve months, 
threatened the comploto annihdation of the glorions family of 
hollyhock, and to bafBe all the antidotes that the ingenvuty of 
man conld suggest, so rapidly does it spread and accomplisl 
deadly work. Of this 1 have had very sad evidence, as last 
year at this time I had charge of, if not the largest^ one of the 
largest and finest collections of hollyhocks anywhere in cultiva- 
tion, which had been under my special care for eleven years, 
and np to within a month of my resigning that position I had 
observed nothing uncommon amongst them ; but before taking 
my final leave of them I had to witness the melancholy spectacle 
of bed after bed being smitten down, and amongst them many 
splendid seedlings, which had cost me years of patience and 

• B«rkelr.y, ia " QanUners Cljroniele." 1862, p. 308, 
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aniiclj to produce. And again, upon taking & abare and the 
maiuLgenient of this business, another infected collection fell to 
my lot, so that I have been doing earnest battle with this disease 
since its first appearance amongst ns, and I must oonTeas that, 
up to a very short time back, I bad come in for a great deal the 
worst of the fight, although I had made use of every agent I 
coold imagine as being likely to aid me, and all that many 
competent friends could Buggest. Bnt lately I was reminded of 
Condy's patent fluid, diluted with water, and at once procured a 
bottle of the green quality, and applied it in the proportion of a 
large tablespoonful to one quart cf water, and upon examining 
the plants dressed, twelve hours aiterwards, was delighted to 
find it had effectually destroyed the disease (n'hich la easily 
discernible, as when it ia living and thriving it is of a light 
grey colour, but when killed it becomes of a ruaty black). 
Further to test the power at which the plant was capable of 
bearing the antidote without injury, I used it double the 
strength. This doso was iustant death to the pest, leaving 
no trace of any injury to the foliage. As to its application, 
I advocate sponging in all dressings of this description 
Syringing is a very ready means, bat very waatefa^ No donht 
sponging consumes nioro time, but taking into consideration the 
more efiectoal manner in which the^ dressing can be executed 
alone, it is in the end most econsmical, especially in regard to 
this little parasite. I have found it difficult by syringing, as it 
has great power of resisting and throwing off moisture, and if 
but a very few are left living, it is astonishing how quickly it 
redistributes itself I feel confident, that by the application of 
this remedy in time another season, I shall keep this collection 
clean. I believe planting the hollyhock in large crowded beds 
should be avoided, as 1 have observed the closer they ai-e 
growing the more virulently does the disease attack them, 
whereas isolated rows and plants are but little injured." * 

The " Gardener's Chronicle" has also sonndedanote of warning 

that a species of Uredino has been very destructive to pelar- 

goninms at the Capo of Good Hope. Hitherto these plants 

• "QirJenor's Cliroolde," Angostaa, ISN. p. 2*3. 
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have not suffered much in this country from parasites. Besides 
these, there are many other less troublesome parasites, such as 
Jlredo filioum^ oi; ferns ; Puccinia Lt/chnidearum, on leaves of 
sweet-william ; Uredo Orchidis, on leaves of orchids, &c. 

If we would sum up the influences of fungi in a few words, it 
could be done somewhat in the following form. 

Fungi exert a deleterious influence — 

On Man^ 

When eaten inadvertently. 

By the destruction of his legitimate food. 

In producing or aggravating skin diseases. 

On Animals^ 

By deteriorating or diminishing their food supplies* 
By establishing themselves as parasites on some species. 

On Plants, 

By hastening the decay of timber. 

By establishing themselves as parasites. 

By impregnating the soil. 

But it is not proved that they produce epidemic diseases in 
man or animals, or that the dissemination of their multitudinous 
spores in the atmosphere has any appreciable influence on the 
health of the human race. Hence their association with cholera, 
diarrhcBa, measles, scarlatina, and the manifold ills that flesh is 
heir to, as producing or aggravating causes, must, in the present 
state of our knowledge and experience, be deemed apocryphal. 




It commonlj' happens that one of the first inquirioa wliicli tlic 
student seeks to liavo answered, after an interest i: 
fungi, is — Wbere, and under what circnmetances, are they to bo 
found? The inexperienced, indeed, require Bome gnide, or much 
labour wi!l be expended aud patience lost in necking microscopic 
fiirma in jnst aucli plftcoB a,B they are least likely to inbabit. Nor 
ia it wholly unprofitable or uninteresting for othei-s, who do not 
claim to be Btudeuts, to summarize the babitats of these organ- 
isms, and learn how much the circum stances of tbeir immediate 
snrronnding elements influence production. For reasons which 
will at once be recognized by the mycologist, the moat satis- 
&ctory method of study will be somewhat that of the tiatoral 
gponps into which fungi are divid-ed. 

Agaricise. — Thero is such & close affinity between all the 
genera of this group that it wilt be a manifest advantage to take 
together all those fleshy pijeate fungi, the fruit of wbich ia 
bome on folded plates or gills. It muat bo premised of this 
group that, for the ma,jority, shade, a moderate amount of mois- 
ture, and steady warmth, but not too great beat, are requu'ed, 
A stroll through a wood in autuntn will afford good evidence of 
the predilection of Ayartettii, aa well as soiae smaller groups, for 
anch spots. A lai^cr proportion will bo found in wooda, where 
alutde is afforded, than on open heaths or pastares. These 
wood-loving forma will consist, again, of those which appear- 
on the soil, and those which are found on rotten stomps and 
decaying trees. Many of those which grow on trees have a 
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lateral stem, or scarcely any stem at all. It may be remarked, 
that some species which spring from the soil delight most in 
the shelter of particular trees. The Agarics of a beech wood will 
materially differ largely from those in an oak wood, and both will 
differ from those which spring up beneath coniferous trees. 

It may be accepted as true of the largest proportion of terres- 
trial species, that if they do not spring directly from rotten 
leaves, and vegetable debris in the last stage of decay, the 
soil will be rich in vegetable humus. A few only occur on 
sandy spots. The genus Marasmius is much addicted to dead 
leaves ; Bussula, to open places in woods, springing immediately 
from the soil. Lactarius prefers trees, and when found in 
exposed situations, occurs mostly under the shadow of trees.* 
Cantharellus, again, is a woodland genus, many of the species 
loving to grow amongst grass or moss, and some as parasites on 
che latter. Coprinus is not a genus much addicted to woods, but 
is rather peculiar in its attachment to man — if such expression, 
or one even implying domesticity, might be employed — farm- 
yards, gardens, dunghills, the base of old gateposts and railings, 
in cellars, on plaster walls, and even on old damp carpets. 
Hygrophorus loves " the open," whether pastures, lawns, heaths, 
commons, or up the slopes of mountains, nearly to the top of the 
highest found in Great Britain. Cortinarius seems to have a 
preference for woods, whilst Bolhitius affects dung, or a rich 
soil. LentinuSf Pantis, LenziteSy and Schizopliyllum all grow on 
wood. Coming to the subgenera of Aqaricus, we find Pleurotus^ 
CrepidotuSj JPluteus, Collybia, Pholiota, Flammula, SypJioloma, 
and some species of JPsathyra growing on wood, old stumps, or 
charcoal ; Amanita, TricJioloma, and Seheloma most attached to 
woods ; Gliiocyhe and Mycena chiefly amongst leaves ; Nolanea 
amongst grass ; OmpJialia and Oalera chiefly in swampy places ; 
Lepiota^ Lepfonia, Psalliofa, 8tropharia, Fsilocyhe, and Psathyrella 
mostly in open places and pastures ; Deconica and Panceolus 
mostly on dung ; JEntoloma and Clitopilus chiefly terrestrial, and 
the rest variable. 

* These predilections must be accepted as general, to which tiiere will be 
exceptions. 
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Of flpocial habitats, we may allude to Nyctalis, of which 
the apecicB are parasitic on dead fungi bolon^ng' to the gcnuB 
EuiSula. One or two species of Ajaricus., anch as Agaricva 
tuherosus and Ai/an'ciig racemntus. P., grow on decaying 
Agarics, whilst Agaricu» Loi-eijinua flonriahes on Agaricug 
nebularit even before it is thoroughly decayed, A few species 
grow on dead fir cones, others on old ferns, <tc. Ai/ariena 
eepceslipeg, Sow., probably of exotic origin, growa on old tan in 
hothouses. Agaricus eaulieinalia. Bull, floarishes on old thatch, 
as well fts twigs, &o. Agtiriciu juncicola, Fr., affects dead 
i-osbea in boggy places, whilst Agaricus affriea.tu%, Fr., and 
Agarieus apliagnicola, B., are attached to bog moss in similar 
localities. Some few species are almost coufiued to the stems of 
herbaceous plants, Agan'ciis pelasalus, Fr., Agaricut cucvmU, P., 
and Paxillus paimoiJes, F., ha.ve a preference for Bawdnst. 
AgaricUM carpaphilua, Fr., and Agaricm haJanimig, P., have a 
predilection for beech in;ist. Agaricu» itrticcecola, B. and Br., 
seems to confine itself to nettle roots. Coprinuii radinng, Fr., 
makes its appearance on plaster walla, Coprittus dotaentieut, Fr., 
on damp carpeta. The only epizoic species, according to M. 
Fries, is Agaricug eerusaatut v. naugeogut, which has been met 
with in Russia on the carcase of a wolf; this, however, might 
have been accidental. Persoon described Agarieiii NeapoUlanut, 
which was found growing on coffee-grounds at Naples j and 
more recently Vvviani has described another species, Agarieus 
Coffea, with rose-coloured spores, found on old fermenting cofi'ee- 
groundfi at Genoa.* Tratinnick figures a species named Aga- 
ricua Markit, which was found in wine casks in Austria. A 
Caprinus has, both in this country and on the Continent, heea 
found, after a very sliort time, on the dressing of wounds, where 
(here bus been no neglect. A cnricus case of this kind, which 
at the time excited great interest, occurred some fifty years since 
at SL George's Hospital. Some species appear to confine them- 
Belves to particnlnr trees, some to come up by preference on Boil 
in garden pofs. Certain species hare a solitary, others a gre- 
garious habit, and, of the latter, Agaricug grammopo/liiig, Bull, 

• Viiinni, " I Fuogbi cnulia." 
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Agaricns gamhosus^ Fr., Marasmius oreades, Fr., and some otliers 
grow in rings. Hence it will be seen that, within certain limits, 
there is considerable variation in the habitats of the Agaricinu 

Boleti do not differ much from Agaricini in their localization. 
They seem to prefer woods or borders of woods to pastures, 
seldom being found in the latter. One species, B, parasiticus^ 
Bull, grows on old specimens of Scleroderma, otherwise thej are 
for the most part terrestrial. 

Tolgpori also have no wide range of habitat, except in choice 
of trees on which to grow, for the majority of them are corti- 
colous. The section Mesopus, which has a distinct central stem, 
has some species which prefer the ground. !Polyporus tuheraster, 
P., in Italy springs from the !Pietra funghaia,* and is cultivated 
for food as well as Polyportts avellanus, which is reared from 
charred blocks of cob-nut trees. 

In other genera of the JPolgporei similar habitats prevail. 
Merulius lacrgmans, Fr., one form of dry rot, occurs in cellars, 
and too often on worked timber ; whilst Merulius himantoides^ 
Fr., is much more delicate, sometimes running over plants in 
conservatories. 

Hydnei. — There is nothing calling for special note on the 
habitats of these fungi. The stipitate species of Hydnum are 
some of them found in woods, others on heaths, one on fir-cones, 
while the rest have similar habitats to the species of JPolyportis, 

AuRicuLARiNi. — The genera Symenochcete, Stereum, and Cor- 
ticium, with some species of Thelephora, run over corticated or 
decorticated wood; other species of ThelepTiora grow on the 
ground. The Pezizoid forms of Oyphella and Solenia, like species 
of Peziza, sometimes occur on bark, and of the former genus 
some on grasses and others on moss. 

Clavaeiei. — The interesting, often brightly-coloured, tufts oi 
Clavaria are usually found amongst grass, growing directly from 
the gi'ound. Only in rare instances do they occur on dead leaves 
or herbaceous stems. Calocera probably should be classed with 
the Treviellini, to which its structure seems more closely allied. 
The species are developed on wood. The species of Typhula 

* Badham's ** Esculent Funguses," Ed. i. pp. 42, 116. 
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and PUliUaria are small, growing chiefly on ticad herbaceous 
plants. One or two are developed from a kind of Sclerolium, 
which is in fact a compact perennial mycelium, 

Tbeheh.INI-— These curious gelatinous fungi are, with rare 
exceptions, developed on liranclies or naked wood; Tremella 
certieohr, B. and Br., one of the exceptions, being parasitic on a 
species of Cortieium, and Tremella epigiBa, B. and Br., spreading 
over the naked soil. This completes our rapid survey of the 
habitats of the Si/menom^ce(ea. Very few of them are really 
destructive to vegetation, for the Agarics and Polypori found on 
prowing trees are seldom to be seen on vigorous, but rather on 
dead branches or partly-decayed trunks. 

The GASTEROMTCETBa are far less numerous in species, and also 
in individuals, but their habitats are probably i 
The Ilffpoffipi, or subterranean species, are found e 
surface or buried in the soil, usually in the neighbor 

PuALLOiDEi. — Inmost cases tbc species prefer woody places. 
They are mostly terreslriul, and have the faculty of making their 
presence known, even whea not seen, by the fetid odour which 
many of them exhale. Some of tliem occur in sandy spots. 

PoDASiNEi. — These resemble in their localities tlio Tricho- 
qnatres. Species of Podaxon affect the nests of Termites in 
tropical countries.* Others are found growing amongst grass. 

TfliciiOGiSTitEB. — These are chiefly tcrresti'ial. The rare but 
cnriouH Bnlarrea phalloidea. P., has been foand on sand-hills, 
and in hollow trees. Tulostoma mamiiwsum, Fr., occurs on old 
stone walls, growing amongst nvoas, Gnanler slriattts, D. C, 
was at one time usually found on the sand of the Denes at Great 
Tarmoudi. Althongli Lyeoperjcn gii/anteam, Batach , occurs 
most fretjuently in pustures, or on hedge banks in fields, wo 
have known it to occur annually for some conaeentivo years 
in a garden near London. The Sipecies of Sclerodcrvia seem to 
prefer a saudy soil. Aglmocystin ia rather i 
occurring on the fruit heads of Cyperuf, 
occurs at the Cape on rotten wood. 

* An Ktoellent whita Agario oconts on unt noata 
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Myxogastbbs. — Rotten wood is one of the must favoured of 
matrices on which those fungi develop themselves ; some of 
them, however, are terrestrial. JEthalium will grow on spent 
tan and other substances. Species of Diderma flourish on 
mosses, jungermannisB, grass, dead leaves, ferns, &c. Angtori- 
dium sinuosuniy Grev., will run over growing plants of different 
kinds, and Spumaria, in like manner, encrusts living grasses. 
Badhamia not only flourishes on dead wood, but one species is 
found on the fading leaves of coltsfoot which are still green. 
Craterium runs over almost any substance which lies in its way. 
Idcea perreptans was found in a cucumber frame heated with 
spent hops. One or two Myxogastres have been found on lead, 
or even on iron w^hich had been recently heated. Sowerby 
found one on cinders, in one of the galleries of St. Paul's 
Cathedral. 

NiDULARiACEi grow on the ground, or on sticks, twigs, chips, 
and other vegetable substances, such as sawdust, dung, and 
rotten wood. 

The CoNiOMTCETES consist of two sections, which are based on 
their habitats. In one section the species are developed on dead 
or dying plants, in the other they are parasitic on living plants. 
The former includes the SphcBronemei, which are variable in their 
proclivities, although mostly preferring dead herbaceous plants 
and the twigs of trees. The exceptions are in favour of Sphar^ 
onema, some of which are developed upon decaying fungi. In the 
large genera, Sepforia, Ascochyta^ Pht/Uosticta, Asteroma, &c., 
the favourite habitat is fading and dying leaves of plants of all 
kinds. In the majority of cases these fungi are not autonomous, 
but are merely the stylosporous conditions of Sphmria, They 
are mostly minute, and the stylospores are of the simplest kind. 
The Melanconiei have a preference for the twigs of trees, burst- 
ing through the bark, and expelling the spores in a gelati- 
nous mass. A few of them are foliicolous, but the exceptions 
are comparatively rare, and are represented chiefly in Gloech 
sporium, species of which are found also on apples, peaches, 
nectarines, and other fruits. The Torulacei are superficial, 
having much of the external appearance of the black moulds, 



and Hlce them are found on decaying vegetable eubstancea, old 
Btems of bei'baceonB pliints, dciid twigs, wood, stumps of trees, &c. 
The exceptions are in favour of such species as Tarula sporendo- 
nema, which is the red mould of cieese, and also occurs on rats' 
dnng, old glue, &c., and Sporcndanema Muscw, which is only 
the conidia of a species of Achli/a: One species of Baclridium 
is parasitic on the bynieniam of Fezisa, and Echinobotryum 
alruin, on the flocci of black moulds. 

In the otbor section of Coniomi/eetes the species are parasitic 
npon, and dcstmctiye to, living plants, very seldom being found 
on really dead substances, and even in such rare cases un- 
donbtedly developed during the life of the tissues. Mostly the 
nltiroate stage of these parasites ia exhibited in the ruptured cu- 
ticle, and the dispersion of the daat-like spores; but in Tilletia 
caries, Thecaphora hyalina, and Paceinia incarcerala, they remain 
enclosed within tbe fruit of the foster-plant. The different 
genera exhibit in some instances a liking for plants of certain 
orders on which to develop themselves. Peridermium attacks 
the ConiJeriB; Qymnosporangium and Podisoma the different 
species of Juniper; Melampgora chiefly the leaves of deciduous 
trees ; Jitetfelia attai'hes itself to pomaceons trees, whilst Gra- 
phiola aflecta the I'ohiiacetB, and Endophyllum the succulent 
leaves of houacleek. In iridium a few orders seem to be more 
liable to attack than others, as the CompasUa, Banunculaceee, 
I.egwininot<E, LahiatiB, &q., whilst others, as tbe Graminaceie^ 
Ericaeea, Malvacem, Grucifi^rie, are exempt. There are, never- 
theless, very few natural orders of phanerogamous plants in 
which some one or more species, belonging to this section of the 
Coniomyceteg, may not he found; and the same foster-plant will 
occasionally nurture several forms. Recent investigations tend 
to confirm the distinct specific characters of the species found 
on different plants, and to prove that the parasite of one host 
will not vegetate npon another, however closely allied, Tbts 
admission must not, however, be accepted as universiilly appli- 
cable, and therefore it should not be assumed, becanee a, 
certain po.i'asito is foand developed on a special host, that it ia 
distinct, unless distinctive characters, apart from habitat, can be 
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detected. JEcidium compositarum and j^cidium ranunculacearnnij 
for instance, are found on various composite and rannnculaceoas 
]:)lants, and as yet no sufficient evidence has been adduced to 
prove that the different forms are other than varieties of one oi 
the two species. On the other hand, it is not improbable that 
two species of JEcidium are developed on the common berberry, 
as De Bary has indicated that two species of mildew, JPuccinia 
grominis, and Fuccinia sframinis, are found on wheat. 

Hyphomycetbs. — The moulds are much more universal in their 
habitats, especially the Mucedines. The Isariacei have a pre- 
dilection for animal substances, though not exclusively. Some 
species occur on dead insects, others on decaying fungi, and the 
rest on sticks, stems, and rotten wood. The Stilhacei have also 
similar habitats, except that the species of Illosporium seem to be 
confined to parasitism on lichens. The black moulds, Dematieij 
are widely diffused, appearing on herbaceous stems, twigs, bark, 
and wood in most cases, but also on old linen, paper, millboard, 
dung, rotting fruit, &o,, "whilst forms of Cladcsporium and Macro- 
sporlwm are met with on almost every kind of vegetable substance 
in which the process of decay has commenced. 

Mucedines, in some instances, have not been known to appear 
on more than one kind of matrix, but in the far greater number 
of cases they flourish on different substances. Aspergillus 
glaucus and JPenicillium crustaceum are examples of these uni- 
versal Mucedines. It would be far more difficult to mention 
substances on which these moulds are never developed than to 
indicate where they have been found. With the species of 
Feronospora it is different, for these are truly parasitic on living 
plants, and, as far as already known, the species are confined to 
certain special plants, and caunot be made to vegetate on any 
other. The species which causes the potato murrain, although 
liable to attack the tomato, and other species of Solanacete, does 
not extend its ravages beyond that natural order, whilst l^ero^ 
nospora parasitica confines itself to cruciferous plants. Ouq 
species is restricted to the Umhellijens, another, or perhaps two, 
to the Zef/uminos(P, another to ItubiacecB, two or three to Ranun- 
cularecs, and two or three to CaryopliyllacecB, All the experi- 
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ments made by De Bury seem to prove that the species of 
Peronospora will only flourish on cerUiin favoured plants, to the 
oselusion of all others. Tho non-parasitic moulds are scarcely 
Dxclnsive. In Oidiam some apeeioa are parasitic, but probably 
all the parasitic forma are states of Eryaipke, the non-parasitic 
alono being antonomoas ; of these one occurs on Porrigo hipi- 
nosa, others on putrefying orangea, pears, apples, pluniK, &<•., 
and one on honeycomb. Aorospeira grows in the interior of 
sweet chestnuts, and we have seen a species growing within the 
hard testa of the seeds of Guilandina Sonduc, from India, to 
which there was no estcmal opening visible, and which was 
broken with considerable difficulty. Several Miiced'taei are 
developed on the dung of various animals, and seldom on any- 
thing else. 

The Phytomycetes consist of two orders, Aniennariei and Ma- 
corini, which differ from each otler almost as much in habitat 
BB in eKternal appearance. The former, if represented hj An/ea- 
naria, runs over the green and fading leaves of plants, forming 
a dense black stratum, like a congested layer of soot; or in Zas- 
midium, the common cellar fnngua, mns over the walla, bottles, 
corks, and other substances, like a thick sooty felt. In the Jffa- 
corini, as in the Muoedineg, there ia usually less restriction to 
any special substance. Mucor muoedo occurs on bread, paste, 
preserves, and various substances ; other speoies of Manor seem 
to have a preference for dung, and some for decaying fungi, but 
rotting fruits are nearly sure tn support one or other of the 
species. Tlie two known species of the curious genus PUobnlui, 
as well as Hydrophora, are confined to dung. Sporodinia, Sy^y- 
gilfig, &c., flourish on rotten Agaries, whei'o they pass thi-ough 
their somewhat complicated existence. 

The Ascom^celen contain an iminense number of species, and in 
general terms we might Bay that they are found everywhere. The 
Tuberaeei are subterraneous, with a preference for calcareous dis- 
tricts. The Peri^oriacei are partly parasitical and partly not. 
The Sryeipliei include those of the former which flourish at the 
expense of the green parts of roses, hops, maples, poplars, peas, 
nnd many other plants, both in Europe and in North America, 
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whilfit in wnrmer lutiLuiIes the genus MeUola appears to tato 
their place. 

Tlie EleelJacei are fleahy fungi, of which the larger fotmg are 
terrcstriul ; Movchella, Gi/roynilTa, and EeheUa rooBtly growing 
in wooi^s, Mitrula, Spathularia, onii Leotia in ewampy places, 
and Geiigloisvm amongst grass. The yery large genns Pesixa 
Is divided into groupH, of which Aleurim are mostly terrestrial. 
This group includes nearly all the large-sized species, although 
a few belong to the nest. Z,acJine<e are partly terrestrial and 
partly epifihytal, the most minnte species being found on twiga 
and leavea of dead plants. In Phialea the species are nearly 
entirely epiphytal, as ia also the case in HeloUum and allied 
genera. Some species of Pexiza are developed from the curiooa 
masses of compact mycelium nailed Sclerotia. A few are rather 
eccentric in their habitats. I", viridaria, P. doiiwu/ica, and P. 
hcemmtiqma, grow on damp walls ; P. grnnulata and some others 
on dang. Peziza BuUii was foand growing on a cistern, P. the- 
leboioiden appears in profusion on spent hops. P. epiipkisria, 
P. clavariarum, P. vulgaris, Ifelotium pruinotam, and others are 
parasitic on old fungi. One or two species of Melotiuin grow on 
submerged sticks, so as to be almost aqoatic, a circnmstanoe of 
rare occurrence in fungi. Other Dixcomycetea are similar in 
their habitats to the Ehellace.i. The gronp to which the old 
genua Ascoholui belongs is in a great meaauro confined to the 
dung of various animals, although there are two or three ligni- 
colous species ; and Ascophavus saccharinus was first found on 
old leather, Ascophanus tesiaceus on old sacking, &g. Ascomyoet 
is, perhaps, the lowest form which ascomycetoua fungi assume, 
a-nd the species are parasitic on growing plants, distorting the 
leaves and fruit, constituting themselves pests to the cultivators 
of peach, pear, and plum trcea. 

The Sphr^riacei include a very large number of species which 
grow on rotten wood, barb, sticts, and twigs ; another group is 
developed on dead herbaceous stems ; yet another is confined to 
dead or dying leaves. Oiio genus, Torruhia, grows ohiefiy on 
insects; Hypomyces is parasitic on dead fungi; Claviceps is deve- 
loped from ergot, Foronia on dung, Polyiiigma on living leaves. 






as well as BOme Bpeciee of Stigmalea nnd Do/Meo. 
genus Sphteria, a considerable number are found 
included by some authors under SorJaria and 

founded, as we think, on insufficient charactei'a 
A limited number of species are parasitic on 
lichens, and one species only is known tu be 

We have thus rapidly, briefly, and casually 
indicated the habitats to whitli the majority 
of the lai^er groups of fungi are attached, 
regarding' them from a fijBtermatiii point of 
view. There is, however, another aspcet from 
which we might approach the subject, taking 
the host or mati'ix, or in fact the habitat, as 
the basis, and endeavouring to ascertain what 
species of fungi are to be found in such posi- 
tions. This has partly been done by M. Wefit- 
endorp;' but every year adds considerably to ,„, 
the number of species, and what might have "" 
been moderately accnrato twelve years since cm 
now. To carry this out fully a. Bpecial work v 
Bary, so that we shall be content to indicate or suggest, by means 
of a few illnst rations, the forms of ftingi, often widely distinct 
in structure and chameter, to ba found in the sarao locality. 

The stems of herbacoous plants are favourite habitfitu for 
minute fungi. The old stems of the common nettle, for ex- 
ample, perform the office of host to abont thirty spw'icn.t Of 
these about nine are Pnxixm, and there are as many sphairiacoouB 
fiingi, whilst three species of Itentlrypiium, besides other raonlilH, 
select ibis plant. Some of these have not hitherto been d«-t{>ct«d 
growing oil any other stems, Buch as Sphreria urlicet and Lophioi' 
toma Sf^r'/it^iea^um, to which we might add Fiaiiitjuiarioidnsimd 
Deiilri/phium i^rueum. These do not, however, include the whole 
of the fungi found on the nettle, since others are parasitic upon 
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its living green parts. Of these may be named JEcidium urlica 
and JPeronospora urticce, as well as two species described by 
Desmazieres as Fusisporium urticm and Sepforia urticw. Hence 
it will be seen bow large a nnniber of fungi may attach them- 
selves to one herbaceous plant, sometimes whilst living, but most 
extensively when dead. This is by no means a solitary instance, 
but a type of what takes place in many others. If, on the other 
hand, we select such a tree as the common lime, we shall find 
that the leaves, twigs, branches, and wood bear, according to 
M. Westendorp,* no less than seventy-four species of fungi, and 
of these eleven occur on the leaves. The spruce fir, according to 
the same authority, nourishes one hundred and fourteen species, 
and the oak not less than two hundred. 

It is curious to note how fungi are parasitic upon each other 
in some instances, as in that of JTypomyces^ characteristic of the 
genus, in which sphcoriaceous fungi make hosts of dead Lactarii^ 
ifcc. We have already alluded to Nyctalis^ growing on decayed 
JRu88uI(B, to Boletus parasiticus, flourishing on old Scleroderma^ 
and to Agaricus Loveianus, on the pileus of Agaricus nebularis. 
To these wo may add Torruhia ophioglossoides and T, capitata, 
which flourish on decaying Elaphomyces, Stilbum tomentosum on 
old Trick ia, Feziza Clavariarum on dead Clavaria, and many 
others, the mere enumeration of which would scarcely prove 
interesting. A very curious little parasite was found by Messrs. 
Berkeley and Broome, and named by them Hgpocrea inclusoy 
which makes itself a home in the interior of truffles. Mucors 
and moulds flourish on dead and decaying Agarics, and other 
fleshy forms, in great luxuriance and profusion. Mucor ramosits 
is common on Boletus lurid us, and Sgzygites megalocarpus on 
Agarics, as well as Acrostalagmus cinnabarinus. A very curious 
little parasite, Echinobotryum atrum, occurs like minute nodules 
on the flocci of black moulds. Bactridium FEelveUds usurps the 
fructifying disc of species of Feziza. A small Sphinctrina is 
found both in Britain and the United States on old Folypori, 
In Splicer ia nigerrima, JS'ectria episphceria, and two or three 

* Westendorp, " Les Cryptogams apr^s leurs stations naturelles," 1866. 




Mr. Phillips has recently indicated the species of fungi foTind 
by him on charcoal beds in Shropsliire,* but, useful as it is, that 
only refers to one locality. A complete list of all the fungi 
which have been found growing on charcoal beds, burnt Boil, 
or charred wood, would be rather estensive. The fungi found 
in hothouses and stoves are also numerous, and often of con- 
siderable interest from the fact that they have many of them 
never been found elsewhere. Those found in Britain, t for in- 
stance, are excluded from the Bi-itish Flora as doubtful, becaase, 
growing upon or with exotic plants, they are deemed to be of 
exotic origin, yet in very few eases are they known to be inha- 
bitant-3 of any foreign country. Some species found in such 
localities are not confined to them, as AgarlouM ctepeHipei, 
Agaricus cristalug, ^//lalium Taporarium, &e. It is somewhat 
singular that certain species have a predilection for growing in 
proKimity with other plants with whioli they do not appear ta 
have any more intimate relation. Trnffles, for iifttance, in asao- 
ciation with oaVs, JPezha lanuginosa under cedar-trees, Hi/d- 
nangium earneum about the roots of Eucalypti, and numeroas 
species of Agiiricini, which are only fottnd under trees of a par- 
ticular kind. As might be anticipated, there is no more fertile 
habitat for fungi than the dung of animals, and yet the kinds 
found in snch locations belong to bat a few gronps. Amongst 
the Di»e07ngrelea, a limited number of the genus Peiixa are 
fimicolous, but the allied genus Ateoboliu, and its own immc- 
diate allies, include amongst its species a large majority that are 
found on dung. If we take th« noraber of speciefl at sutty-fonr, 
there are only seven or eight which do not occur on dung, whilst 
fifty-sii are fimicolous. The species of Spharia wliich are foond 
on the same sabstancea are also closely allied, and some Conti- 
nental anthora have gronped them under the two proposed 

"GBtdnier">Cbt 
^t W. Q. Snilk, in 

Lp. sa. 
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genera Sporormia and Sorifario, whilst Faclcel* propoBea a diB- 
tiact group of Sphwriacei, under the name of Fimieoli, in wlucli 
he includes as genera Coprolepa, Hypoeopra, DeUtscJiia, Sporor 
piia, Pleophragmia, Malincemia, Sordaiin, and CercopAoiv. The 
two species of Piloholut, and some of Mueor, are also found o 
dung, Isaria felina on that of cats, Stilbam Jtinetarium and a 
few other moulds, and amongst Agarics some species of Chprinus. 
Animal substances are not, as a rule, prolific in the prodnction 
of fangi. Atcoholm saee/iarmiis and one or two others have 
been found upon old leathur. Onygeiia of two or three spedea 
occurs on old horn, hoofs, &o. Cheese, milk, &c., afford a few 
forms, bat the largest nnmber infest dead insects, either under 
the mouldy form of Jgaria or the more perfect condition of Tur- 
Tuhia, and occasionally under other forma, 

Robin t has recorded tliat three species of Braclimnf, of the 
order Coleoptera, have been fuund infected, whilst living, with » 
minute yellow fungns which he calls Laboulhertia Sougeti, and 
the same species has been noted on other beetles. Torrubia 
Melolonlha % has been described by Tulasne as occurring on the 
niajbug or cockchafer, which is allied to, if not identical with, 
Cerdi/cept RaveneUi, B. and C, and also that described and figored 
by M. Fongeroui de Bondaroy.j Torrubia eurewlionum, Tul., 
occura on eevenU species of beetles, and seoms to be by no means 
ancommon in Brazil and Central America. Torrvhia casspilota, 
Tul., which may be the same as Cordyceps Sinclairi, B., || is found 
on the larvtB of Orlhoplera in Sew Zealand, Torruhiu Miquelii 
on the lame of Cicada in Brazil, and Torrubia sobolijeri 
pupro of Cicada in the West Indies. A romantic account la 
given of this in an extract cit«d by Dr. Watson in his coramun 
cation to the Royal Society. % " The vegetable fly is foand i 
the island Dominica, and {excepting that it has no wings) n 

■■ Fuckel, " SjToboUo MycoloEicffl," p. 240. 
t Rotiiiit " \iiit. ParnaiteB," p. 623, t. viii. f. 1, 2. 
• t TulaiOB, " Selacla FuDg Carp." iii. p. 12. 

g '■ Hist, de ['Acttd. des SciBDoea,- ir89. Paris, 1772. 

II Berkeley, " Crjpt. .Bot." p. 7S ; Hooker, " New Zealnnd Flora,' ii. 338 

1 " PhiloBopbical Tranaactiona," liiL (1763), ji. 271. 
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Eomblea the drone, bott in size and colonr, more than any other 
English insect. In the month of May it lonries itself in the 
earth and begins to Tegetatc. By the latter end of July, the 
tree is arrived at its full growth, and resembles a coral branch, 
and is aboot three inches high, and bears several littlo pods, 
which, dropping olF, become worms, and from thence flies, like 
the English caterpillar." Torruhia 3}ifflori, which grows from 
the caterpillar of a large moth in Australia, is one of the finest 
examples of the genns, Toirubia Jtoherttii, from Now Zealand, 
has long been known as attacking the larva of HepialuM 
rireseens. Tiiere aro several other species on larvos of different 
insects, on spiders, anta, wasps, Ac, and one or two on mature 
Lepidoptera, but the latter seem to be rare. 

That fungi should mate thcix appearance and flonriab in 
localities and conditions generally considered inimical to vegetable 
life is no less strange than trne. We have already alluded to 
the occurrence of some species on speut tan, and some others 
have been fonnd in locations as strange. We have seen a yellow 
mould resembling Sporolrichuiit in the heart of a ball of opium, 
also B, white mould appears ou the same substance, and more 
than one species is troublesome in. the opinm factories of India. 
A raonld made its appearance some years since in a copper 
solution employed for electrotyping iu the Survey Department 
of the United State.s,* decomposing the salt, and precipitating 
the copper. Other organisms have appeared from time to time 
iu various inorganic solutions, some of which were considered 
destructive to vegetable life, and it is nob improbable that some 
of these organisms were low conditions of mould. It may well 
occasion some surprise that fungi should be found growing 
within cavities wholly escluded from the external air, aa in tlie 
hollow of filberts, and the harder shelled nata of Guilandtiia, in 
tho cavities of the fruit of tomato, or in the interior of an egg. 
It is scarcely less extraordinary that llypocrca indiisn should 
flourish in the interior of a kind of truffle. 

From the above it will be concluded that the habitats of fungi 

are exceedingly variable, that thay may be regarded aa almost 

• Berfcaiej's " OmliDBa," p. 30. 
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unirersal wherever decaying vegetable matter is found, and 
that under some conditions animal substances, especially of 
vegetable feeders, such as insects, famish a pabulum for their 
development. 

A very curious and interesting inquiry presents itself to oui 
minds, which is intimately related to this subject of the habitats 
of fungi. It shapes itself into a sort of "puzzle for the curious,*' 
but at the same time one not unprofitable to think about. How 
is the occurrence of new and before unknown forms to be 
accounted for in a case like the following?* 

It was our fortune — good fortune as far as this investigation 
was concerned — to have a portion of wall in our dwelling per- 
sistently damp for some months. It was close to a cistern 
which had become leaky. The wall was papered with *• marbled " 
paper, and varnished. At first there was for some time nothing 
worthy of observation, except a damp wall — decidedly damp, 
discoloured, but not by any means mouldy. At length, and 
rather suddenly, patches of mould, sometimes two or three 
inches in diameter, made their appearance. These were at first 
of a snowy whiteness, cottony and dense, just like large tufts of 
cotton wool, of considerable expansion, but of miniature eleva- 
tion. They projected from the paper scarcely a quarter of an 
inch. In the course of a few weeks the colour of the tufts 
became less pure, tinged with an ochraceous hue, and resembling 
wool rather than cotton, less beautiful to the naked eye, or under 
a lens, and more entangled. Soon after this darker patches 
3nade their appearance, smaller, dark olive, and mixed with, or 
close to, the woolly tufts ; and ultimately similar spots of a 
dendritic character either succeeded the olive patches, or were 
independently formed. Finally, little black balls, like small 
pin heads, or grains of gunpowder, were found scattered about 
the damp spots. All this mouldy forest was more than six 
months under constant observation, and during that period was 
held sacred from the disturbing influences of the housemaid's 
broom and duster. 

Curiosity prompted us from the first to submit the mouldy 
♦ "Popular Science Review," vol. x. (1871), p. 25. 
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donizens of the wall to the microscope, and this cnriosity waa 
increased week by week, on finding that none of tho forma 
fonnd vegetating on nearly two square yards of damp wall 
conld be recognized as agreeing specifically with any described 
monlda with wliich we were acqaainted. Here was & problem 
to be solved nnder the most favourable conditions, a forest of 
mould indoors, within a few yarda of the fireside, growing quite 
naturally, and all Btrangera. Whence could these new forms 
proceed ? 

The cottony tufts of white mould, which were the first to 
appear, had an abundant mycelium, but the erect threads which 
sprang from thia were for a long time sterile, and closely inter- 
laced. At length fertile threads were developed in tufts, mixed 
with tho sterile threads. These fruit-bearera were shorter and 
stoater, more sparingly branched, but beset throughout nearly 
their whole length with short patent, alternate branchlets. 
These latter were broadest towards the apex, so as to be almost 
clavate, and the extremity was beset with two or three short 
spicules. Each epieole was normally surmounted by an obovata 
spore. The presence of fertile threads imparted the ochracooua 
tint above alluded to. This tint was slight, and perhaps would 
not have been noticed, but from the close proximity of the snow- 
white tnfts of barren threads. The fertUe flocci were decumbent, 
probably from the weight of the spores, and the tufts were a 
littlo elevated above the surface of the matrix. Thia mould 
l>eIonged clearly to the Mucedtii&g, but it hardly accorded well 
vfith any known genus, althongh most intimately related 
to Mhinoirichum, in which it was placed as Rkinotrichum 
Innomim.' 

TTio white mould having become established for B week or 
two, Bmall blackish spots made their appearanco on the paper, 
sometimes araongst thin patehes of the mould, and sometimes 
outside them. These spots, at first cloudy and indefinite, varied 
in size, but were usually less than a quarter of an inch in 
diameter. The varnish of the paper was afterwards pushed off 

* Specimens of this mould were ittBtribnted in Ccoke'B " Fongi Britanmci 
Kirimoti," No. Sr,e, under tho naine of CJi'inlrlrhan taiioiim. 
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in little translucent flakes or scales, an erect olivaceons monid 
appeared, and the patches extended to nearly an inch in 
diameter, maintaining an almost universal circular form. This 
new mould sometimes possessed a dirty reddish tint, but was 
commonly dark olive. There could be no mistake about the 
genus to which this mould belonged ; it had all the essential 
characters of JPenicillium. Erect jointed threads, branched in 
the upper portion in a fasciculate manner, and bearing long 
beaded threads of spores, which formed a tassel-like head, at 
the apex of each fertile thread. Although at first reminded of 
JPenicillium olivaceum, of Corda, by the colour of this species, it 
was found to differ in the spores being oblong instead of globose, 
and the ramifications of the flocci were different. Unable aorain 
to find a described species of I^enicillium with which this new 
mould would agree, it was described under the name of PenU 
cillium chartarum,* 

Almost simultaneously, or but shortly after the perfection 
of the spores of Peni cillium, other and very similar patches 
appeared, distinguished by the naked eye more particularly by 
their dendritic form. This peculiarity seemed to result from the 
dwarfed habit of the third fungus, sitice the varnish, though 
cracked and raised, was not cast off, but remained in small 
angular fragments, giving to the spots their dendritic appearance, 
the dark spores of the fungus protruding through the fissures. 
This same mould was also found in many cases growing in the 
same spots amongst Fenicillium chariarum, but whether from 
the same mycelium could not be determined. 

The distinguishing features of this fungus consist in an 
extensive mycelium of delicate threads, from which arise 
numerous erect branches, bearing at the apex dark brown 
opaque spores. Sometimes the branches were again shortly 
branched, but in the majority of instances were single. The 
septate spores had from two to four divisions, many of them 
divided again by cross septa in the longitudinal direction of the 
spore, so as to impart a muriform appearance. As far as the 
structure and appearance of the spores are concerned, they re- 

• Cooke's ** Handbook of British Fungi," p. 602. 
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Bembled those of Sporidemnium polymorphum, nnder which name 
BpedmeiiH were at first published,* but thia determination was 
not satisfactory. The mjceliiim and erect threads are much too 
highly developed for a, good speciea of Sporidesmium, although 
the name of Sporide»mium alteriiaria was afterwards adopted. 
In fi-esh specimens of this fusgas, when seen in sUu by a balf- 
inch objective, the spores appear to be moniliform, but if so, all 
attempts to see them bo connected, when separated from tho 
matris, failed. On one occasion, a very immature condition was 
examined, containing simple beaded, hyaline bodies, attached 
to each other by a short neck. The same appearance of 
beaded spores, when seen in eilu, was recognized by a myco- 
logical friend, to whom epeciniens were submitted for con- 
firm ation.t 

The last production which made its appearance on our wall- 
paper burst through the varnish as little black spheres, like 
grains of gunpowder. At first the varnish was elevated by 
preEGure from beneath, then the film was broken, and the little 
blackish spheres appeared. These were, in the majority of cases, 
gregarious, but occasionally a few of the Hpherca appeared 
singly, or only two or three together. Ah the whole surface of 
tho damp paper was covered by those different fungi, it waa 
scarcely possible to regard any of tbcni as isolated, or to declare 
that one was not connected with the mycelinm of the others. 
The little spheres, when the paper was torn from the wall, were 
also growing from the under surface, flattened considerably by 
the pressnre. The spherical bodies, or perithecia, were seated 
on a plentiful hyaline mycelium. The walls of the perithecia, 
rather more carbonaceous than m.embi'anaGeona, are reticulated, 
reminding one of the conceptacJeB of £ryi:iphe, to which the 
perithecia bear considerable reaemhlance. The ostiolum is bo 
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fotyiaorpkiim var. ckarlannm. 
Tii nils one of Vnaass AUtniixria, figured iti Sturm's "Flora;" it 
:geB<ci] thnt the mould, aa Been vhen examined nader a power of 
a vGiy much like a Macmporium, Again aiiaM Ifae qneatioD of Uia 
lOres attacfaed end to end. 
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obscure that we doubt its existence, and hence the closer aflBnity 
of the plant to the Perisporiacei than to the SpJiceriaceL The 
interior of the perithecium is occupied by a gelatinous nucleus, 
consisting of elongated cylindrical asci, each enclosing eight 
globose hyaline sporidia, with slender branched paraphyses. A 
new genus has been proposed for this and another similar form, 
and the present species bears the name of Orbwula ci/clospora.* 
The most singular circumstance connected with this narrative 
is the presence together of four distinctly different species of 
fungi, all of them previously unknown and undescribed, and no 
trace amongst them of the presence of any one of the very common 
species, which would be supposed to develop themselves under 
such circumstances. It is not at all unusual for Sporocyhe 
alternata, B., to appear in broad black patches on damp papered 
walls, but in this instance not a trace was to be found. What 
were the peculiar conditions present in this instance which led 
to the manifestation of four new forms, and none of the old 
ones ? We confess that we are unable to account satisfactorily 
for the mystery, but, at the same time, feel equally unwilling to 
invent hypotheses in order to conceal our own ignorance. 

• '* Handbook of British Fungi," vol. u. p. 926, No. 2,788. 




The cultivotion of fangi in tlua country for esculent pnrposes 
is confined to a single species, and yet there is oo reason, why, 
by a series of well-conducted esperimente, means should not 
he devised for the caltivation of others, for instance, Maras- 
miut oreades, and the morel. Efforts have been made on the 
Continent for the cultivation of trufllcs, but the Fuccess has 
hitherto been somewhat doubtful. For the growth of tJie com- 
mon mushroom, very little tvonblo nnd care is required, and 
moderate success is certain. A friend of ours some years since 
was fortunate enough to hnve one or two specimens of the large 
pnff-ballj Lf/coperdon giganteum, growing in his garden. Know- 
ing its value, and being particnlarly fond of it when fried for 
breakfast, ho was ansious to secnre its pei-manonco. The spot 
on which the specimens appeared was miu'heJ off and guarded, 
so that it was never desecrated by the spade, and the soil 
remained consequently undisturbed. Year afl«r year, so long 
as ho resided on the premises, he counted upon and gathered 
several specimens of the puff-hall, the mycelium continuing to 
■produce them year after year. All parings, fragments, Ac., not 
utilized of the speeimena eaten were cast on this ppot to rot, so 
that some of the elements might be returned to llie soil. This 
was not true cultivation perhaps, as the fungus had first estab- 
lished itself, but it was preservation, and had its reward. It 
must be admitted, however, that the size and number of speci- 
mena diminished gradually, probably from exhaustion of the 
Boil. This fiingiiB, though strong, is much approved by many 
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palates, and its cultivation might be attempted. Burying a ripe 
specimen in similar soil, and watering ground with the spores, 
has been tried without success. • 

As to the methods adopted for cultivation of the common mush- 
room, it is unnecessary to detail them here, as there are several 
special treatises devoted to the subject, in which the particulars 
are more fully given than the limits of this chapter will permit.t 
Recently, M. Chevreul exhibited at the French Academy some 
splendid mushrooms, said to have been produced by the following 
method : he first develops the mushrooms by sowing spores on 
a pane of glass, covered with wet sand ; then he selects the most 
vigorous individuals from among them, and sows, or plants their 
mycelium in a cellar in a damp soil, consisting of gardener's 
mould, covered with a layer of sand and gravel two inches thick, 
and another layer of rubbish from demolitions, about an inch deep. 
The bed is watered with a diluted solution of nitrate of potash, 
and in about six days the mushrooms grow to an enormous 
size. J The cultivation of mushrooms for the market, even in 
this country, is so profitable, that curious revelations sometimes 
crop up, as at a recent trial at the Sherifis' Court for compensa- 

* Experimenta were made at Belvoir, by Mr. Ingram, in the cultivation of 
several species of AgaHcini^ but without success, and a similar fate attended 
some spawn of a very superior kind from the Swan River, which was submitted 
to the late Mr. J. Henderson. No result was obtained at Ghiswick, either from 
the cultivation of truffles or from the inoculation of grass-plots with excellent 
spawn. Mr. Disney's experiments at the Hyde, near Ingatestone, were made with 
dried truffles, and were not likely to succeed. The Viscomte N6e succeeded in 
obtaining abundant truffles, in an enclosed portion of a wood fenced from wild 
boars, by watering the ground with an infusion of fresh specimens ; but it is 
possible that as this took place in a truffle country, there might have been a crop 
without any manipulation. Similar trials, and it is said successfully, have been 
made with Boletus edulis. Specimens of prepared tiuffle-spawn were sent many 
years since to the "Gardener's Chronicle," but they proved useless, if indeed 
they really contained any reliable spawn. 

t Robinson, "On Mushroom Culture," London, 1870. Cuthill, "On the 
Cultivation of the Mushroom," 1861. Abercrombie, '*The Garden Mushroom ; 
its Culture, &c." 1802. 

X This has, however, not been confirmed, and is considered (how justly we 
cannot say) a " canard." 
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tion by tlio Metropoiitaa Railway Company for premises and 
hnsiness of a nnrseiyman. at Kensington. The Railway had 
taken posseaaioa of a mush room- ground, and tho claim for 
compensation was £716. It was stated in evidence that the 



profits on mushrooms n 
witness said if JE50 wen 



Immenso quantities c 
s well known, in cav 



ountod to 100 or 150 per cent. One 
re expended, in twelve raontha, or perhaps 
n realized -would Lo £200. 
f mushrooms are pvodueed. in Paris, aa 
^s, and intereatinj^ accounts have been 
written of visits to these subterranean mushroom-vaults of tho 
gay city. In one of these caves, at Montrongo, the pi-oprietor 
gathers lately every day, occasionally sending move than 
400 ponnils weight per day to market, the average being 
about 300 pounds. There are sis or seven miles' run of 
mnshroom-beda in this cave, and tJie owner is only one of a 
large class who devote themselves to the culture of mushrooms. 
Large quantities of preserved mushrooms are exported, one 
hoase sending to England not less than 14,000 hoses in a year. 
Another cave near Frepillon was in full force in 1867, ; 
as many as 3,000 pounds of mushrooms to the Parisian i 
daily. In 1867, M. Renaudot had over twenty-one miles of 
mushrrom beds in one great cave atMery, and in 1869 there 
were xtnnil fbd a cave at Frepillon. The tem- 
pcratn e t th ecLual that the cnltivation of the 

mnshr m p bl at all seasomi of the yeer, but the best 
crops are g th d th wmt r. 

Mr. H h gi aa lloiLt account, not only of the sub- 

terranean, but also of tho open air culture of mushrooms about 
Paris. The open-air culture is never parsued in Paris daring 
the snmmer, and rarely so in this country.* "What might bo 
termed tho domestic cultivation of mushrooms is easy, that is, 
the growth by inexperienced persons, for family consumption, of 
a bed of mn.ihrooms in cellars, wood-houses, old tubs, boxes, or 
other nnconsidored places. Even in towns and cities it is not 
impracticable, as horse-dung can always be obtained from mcwa 

* This method in pursued with great EnccesB bj Mr. Ingram, KtBctvoir, &ntlbf 
Hi. Gilbert, at Burleigh. 
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and stables. Certainlj fungi are never so harmless, or seldom 
so delicious, as when collected from the bed, and cooked at once, 
before the slightest chemical change or deterioration could pos- 
sibly take place. 

Mr. Cuthill's advice may be repeated here. He says: — "1 
must not forget to remind the cottager that it would be a 
shilling or two a week saved to him during the winter, if he had 
a good little bed of mushrooms, even for his own family, to say 
nothing about a shilling or two that he might gain by selling to 
his neighbours. I can assure him mushrooms grow faster than 
pigs, and the mushrooms do not eat anything ; they only want 
a little attention. Addressing myself to the working classes, I 
advise them, in the first place, to employ their children or others 
collecting horse-droppings along the highway, and if mixed with 
a little road-sand, so much the better. They must be deposited 
in a heap during summer, and trodden firmly. They will heat 
a little, but the harder they are pressed the less they will heat. 
Over-heating must be guarded against ; if the watch or trial 
stick which is inserted into them gets too hot for the hand to 
bear, the heat is too great, and will destroy the spawn. In that 
case artificial spawn must be used when the bed is made up, but 
this expedient is to be avoided on account of the expense. The 
easiest way for a cottager to save his own spawn would be to 
do so when he destroys his old bed ; he will find all round the 
edges or driest parts of the dung one mass of superior spawn ; 
let him keep this carefully in a very dry place, and when he 
makes up his next bed it can then be mixed with his summer 
droppings, and will insure a continuance and excellent crop. 
These little collections of horse- droppings and road-sand, if kept 
dry in shed, hole, or corner, under cover, will in a short time 
generate plenty of spawn, and will be ready to be spread on the 
surface of the bed in early autumn, say by the middle of Sep- 
tember or sooner. The droppings during the winter must be 
put into a heap, and allowed to heat gently, say up to eighty or 
ninety degrees ; then they must be turned over twice daily to 
let off the heat and steam ; if this is neglected the natural spawn 
of the droppings is destroyed. The cottager should provido 
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Limself witli a few barrowfula of sti'awy dung to form tlio 
foundation of his lied, so that the deptb, when all is finished, be 
not less than a, foot. Let the tomporature be np to niiik heat. 
Ho will then, when quite sure that tbe bed will not overheat, put 
on hia summeE droppings. By this tiiuo these will he one mass 
of natural spawn, having a gr^y mouldy and thready appear- 
h smell like that of mnsiirooms. Let all bo pressed 
very hard ; then let mould, unsifted, be put on, to the thioknoss 
of four iuclicB, and trodden down hard with the feet and watered 
all over ; and the back of a spada may now be used to make it 
still harder, aa well as to plaster the surface all over." * Mush- 
rooms are cultivated very fstenaively by Mr. Ingram, atBolvoir, 
without artificial spawn. There is a great riding-honso there, in 
which the litter is ground down by the horses' feet into very 
small shreds. These are placed in ii heap and turned over once 
or twice daring the season, when a largo quantity of excellent 
spawn is developed wliich, placed in aaparagna beds or laid under 
thin turf, produces admirable mushrooms, in the latter case as 
clean as in our best pasturefl-t 

Other species will s0metime3.be seen gi-owing on innshroora- 
bcds besides the genuine mushroom, the spawn in euch cases 
being probably introduced- with the materials employed. We 
have seen a pretty crisped variety of Agaricut dealbatua growing 
injirofusion in such a place, and devoured it accordingly. Some- 
times the mushrooms will, when in an onhoalthy condition, be 
sabjcct to the ravages of paraaitic species of mould, or perhaps 
of Sypomi/ces. ^i/laria vaporaria has, in more tlian one instance, 
nsurped the place of mushrooms. Mr. Berkeley has received 
abnndaat specimens in the Sclerotioid state, which he succeeded 
in developing in sand under a bell glass. Of course under Euch 
conditions thci-e is niach loss. The little fairy-ring champignon 
is an excellent and usefal species, and it is a great pity that 
some effort should not be made to procure it by cultivation. In 

* Cotlill, " Treatise on the CiUtivalian at the Muahroom," p. 9. 

t Mr. Borkfllfj Ifitely recoramenatil, at one of the meotingH of tilt Hortionl- 
tural Sooiaty si Soutli Kensington, that tbe milway arebea shoulil ba uliliied fol 
the cultivation of muBhTooma. 
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Italy a kind of Poli/porus, unknown in this country, is obtained 
by watering the Pletrafunghaia, or fungus stone, a sort of tufa 
impregnated with mycelium. The Polypori^ it is said, take seven 
days to come to perfection, and may be obtained from the foster 
mass, if properly moistened, six times a year. There are speci- 
mens which were fully developed in Mr. Lee's nursery at Ken- 
sington many years since. Another fungus is obtained from the 
pollard head of the black poplar. Dr. Badham says that it is 
usual to remove these heads at the atter end of autumn, as soon 
as the vintage is over, and their marriage with the vine is 
annulled ; hundreds of such heads are then cut and transported 
to different parts ; they are abundantly watered during the first 
month, and in a short time produce that truly delicious fungus 
Agaricus caudicinus, which, during the autumn of the year, makes 
the greatest show in the Italian market-places. These pollard 
blocks continue to bear for from twelve to fourteen years. 

Another fungus, which Dr. Badham himself reared {Tolyporus 
avellanus), is procured by singeing, over a handful of straw, a 
block of the cob-nut tree, which is then watered and put by. 
In about a month the fungi make their appearance, and are 
quite white, of from two to three inches in diameter, and ex- 
cellent to eat, while their profusion is sometimes so great as 
entirely to hide the wood from whence they spring.* It has 
been said that Boletus edulis may be propagated by watering 
the ground with a watery infusion of the plants, but we have no 
knowledge of this method having been pursued with success. 

The culture of truffles has been partially attempted, on the 
principle that, in some occult manner, certain trees produced 
truffles beneath their shade. It is true that truffles are found 
under trees of special kinds, for Mr. Broome remarks that some 
trees appear more favourable to the production of truffles than 
others. Oak and hornbeam are specially mentioned ; but, be- 
sides these, chestnut, birch, box, and hazel are alluded to. He 
generally found Tuber oestivum under beech-trees, but also under 
hazel, Tuber macrosporum under oaks, and Tuber hrumale under 

* Badham, "Esculent Funguses," Ist ed. p. 43. 
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oaks and abele. The men who collect truffles for Covent Gar- 
den Market obtain them chicSy under beech, and in mixed 
plantations of fir and beech,* 

Some notion may be obtained of the extent to which the trade 
of truffles is carried in France, wben wo learn that in the market 
of Apt alone abont 3,500 pounds of trnfflea are exposed for sale 
every week during the height of the aeasun, and the qnantity 
Bold during the winter reaches upwards of 60,000 pounds, whilst 
the Department of Vancluse yields annually upwards of 00,000 
pounds. It may be interesting here to fitate that the valne of 
truffles is bo great in Italy that precantionB are taken against 
truffle poachers, much in the same way as against game poachers 
in England. They train their dogs ao skilfully that, while they 
stand on the outside of the truffle grounds, the dogs go in and 
dig for the fangi. Though there are multitudes of species, 
they bring out those only which are of market Talne, Some 
dogs, however, avo employed by botanista, which will hunt for 
any especial species that may bo shown to them. The gieat 
difficulty is to prevent them devouring the truffles, of wliioh 
they are very fond. The best dogs, indeed, are true retrievers. 

The Count do Borch and M. de Bornliolz give the chief ac- 
counts of the efforts that have been made towards the cultivation 
of these fungi. They state that a compost is prepared of pure 
mould and vegetable soil mixed with dry leaves and sawdust, in 
which, when properly moistened, mature truffl.ea are placed in 
winter, either whole or in fragments, and that after the lapse of 
some time small truffles are found in the compost. -f- The most 
successful plan consists in sowing aeorna over a considerable 
extent of land of a calcareous nature ; and when the young oaka 
have attained the ago of ten or twelve yeara, truffles are found 
in the intervals between the trees. This process was carried on 
in the neighbourhood of Loudun, where trnffle-beds had formerly 
existed, but where tliey had long ceased to be productive — a fact 
indicating the aptitude of the soil for the purpose. In this case 

' BroiTtne, "On Truffle Culture," in " Joum. Hort. Soc," i. p. 16 (1886). 
t No failh, however, ia, in gtoeral, pluced on tlieae trealisea, ax they were 
merel; wnjecturaL 
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no attempt waa made to produce truffles by placing ripe speci- 
mens in the earth, but they sprang up themselves from spores 
probably contained in the soil. The young trees were left 
rather wide apart, and were cut, for the first time, about the 
twelfth year after sowing, and afterwards at intervals of from 
seven to nine years. Truffles were thus obtained for a period 
of from twenty-fiive to thirty years, after which the plantations 
ceased to be productive, owing, it was said, to the ground being 
too much shaded by the branches of the young trees. It is the 
opinion of the Messrs. Tulasne that the regular cultivation of 
the truffle in gardens can never be so successful as this so-called 
indirect culture at Loudun, but they think that a satisfactory 
result might be obtained in suitable soils by planting fragments 
of mature truffles in wooded localities, taking care that the other 
conditions of the spots selected should be analogous to those of 
the regular truffle-grounds, and they recommend a judicious 
thinning of the trees and clearing the surface from brushwood, 
etc., which prevents at once the beneficial effects of rain and of 
the direct sun's rays. A truffle collector stated to Mr. Broome 
that whenever a plantation of beech, or beech and ^^ is made on 
the chalk districts of Salisbury. Plain, after the lapse of a few 
years truffles are produced, and that these plantations continue 
productive for a period of from ten to fifteen years, after which 
they cease to be so. 

M. Gasparin reported to the jurors of the Paris Exhibition of 
1855, concerning the operations of M. Rousseau, of Carpentras, 
on the production of oak truffles in France. The acorns of ever- 
green and of common oaks were sown about five yards apart. 
In the fourth year of the plantation three truffles were found ; at 
the date of the report the trees were nine years old, and over a 
yard in height. Sows were employed to search for the truffles. 
Although these plantations consist both of the evergreen and 
common oak, truffles cannot be gathered at the base of the latter 
species, it so happening that it arrives later at a state of pro- 
duction. The common oak, however, produces truffles like the 
evergreen oak, this report states, for a great number of tho 
natural truffle-grounds at Vaucluse are planted with common 
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oaks. It is remarked that tbe troflles prodacod from theso 
HTO larger bnt lesa regular than, those of the evergreen oak, 
whicli are smaller, but nearly always apheritsal. Tbe truffles are 
gathered at two periods of tbe year; in May only whito truffles 
are to be found, wbich never blofken and have no odonr; they 
are dried and sold for seasoning. The black trnfflea (Tuber 
melanotporuin) coiamence fornjing in Jane, enlarging towards 
tbe frosty season; then they become hard, and acqniie all their 
perfume. They are dug a month before and a, raoBth after 
Chrbtoias. It is also asserted that truffles are produced aboat 
the vine, or at any rate that the association of the vine is 
favourable to the production of truffles, because truffle-plots near 
i-inea are very productive. The observation of this decided 
M, Rousseau to plant a row of vines between the oaks. The 
result of this experiment aIto{,'ether doca not appear to have 
been, by any means flattering, for at the end of eight years only 
little moro than fifteen pounds were obtained from a hectare of 
land, which, if valued at 4j franca, would leave very little pi'ofit. 
M. BouBseau also called attention to a meadow manured (sic) 
with pariiiga of truffles, whicli was said to have given prodigious 
results. 

The cultivation of minute fungi for scientific purposes has 
been incidentally alluded to and illustrated in foregoing chapters, 
and oonseqaently will not requiro each full and particular details 
here. Somewhat intermedialoly, we might allude to the Bpecios 
of Sclero/iinii, which are usually compact, estemally blackish, 
rounded or araorphons bodies, consisting of a cellular mass of 
the nature of a concentrated myceliam. Placed in favonrablo 
conditions, these forms of Sclefotiam will develop the peculiar 
species of fungus belongiug to them, bnt in certain cases tho 
production is moro rapid and easy than ia others. In this 
country, Sir. P. Currey has been the moat Bnccessful in tho cul- 
tivation of Sclvrotia. The method adopted is to keep them in 
a moist, snmcwhat warm, but equable atmosphere, and with 
patience await the results. The well-known ergot of rye, wheat, 
and other graaacs may bo so cultivated, and Mr. Currey has 
developed the ergot of the comtoon reed by keeping the stem 
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immersed ia water. The final conditions are small clavate bodies 
of the order Sphcdriacei^ belonging to the genus Claviceps. The 
Sclerolium of the Eleocharis has been found in this country, but 
we are not aware that the Claviceps developed from it has been 
met with or induced by cultivation. One method recommended 
for this sort of experiment is to fill a garden-pot half full of 
crocks, over which to place sphagnum broken up until the pot is 
nearly full, on this to place the Sclerotia, and cover with silver 
sand ; if the pot is kept standing in a pan of water in a warm 
room, it is stated that production will ensue. Ergot of the 
grasses will not always develop under these conditions, but 
perseverance 'may ultimately ensure success. 

A species of Sclerotium on the gills of dead Agarics originates 
Agaricua tuberosus, another Agaricus cirrhatus* but this should 
be kept in situ when cultivated artificially, and induced to 
develop whilst still attached to the rotten Agarics. Peziza tube- 
rosa, in like manner, is developed from Sclerotia, usually found 
buried in the ground in company with the roots of Anemone 
nemorosa. At one time it was supposed that some relationship 
existed between the roots of the anemone and the Sclerotia, 
From another Sclerotium, found in the stems of bulrushes, Mr. 
Currey has developed a species of Peziza, which has been named 
P. Curregana.f This Peziza has been found growing naturally 
from the Sclerotia imbedded in the tissue of common rushes. 
De Bary has recorded the development of Peziza FucJceliana 
from a Sclerotium of which the conidia take the form of a species 
of Polyactis, Peziza ciborioides is developed from a Sclerotium 
found amongst dead leaves ; and recently we have received from 
the United States an allied Peziza which originated from the 
Sclerotia found on the petals of Magnolia, and which has been 
named Peziza gracilipes, Cooke, from its very slender, thread- 
like stem. Other species of Peziza are also known to be 
developed from similar bases, and these Fuckel has associated 

* Dr. Bull has been very successful in developing the Sclerotium of Agaricua 
cirrhattis. 

-J- Currey, " On Development of Sclerotium roseum" in *'Journ. Linn. Soc." 
"•'ol. i. p. 148. 
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together under a proposed new genua with tho name of Sclera- 
tinia. Two or three species of Tffphula, in like manner, spring 
from forma of Scleratium, long known as Schrofium compla- 
natuM and Scleroiium eentellaium. Other forms of Sclerotium 
are known, from one of wliich, found in a mnsliroom-bed, Mr, 
Currey developed Xylaria vaporaria, B., by placing it on damp 
Hand covered with a bell glass.* Others, again, arc only known 
in the Bclerotioid state, such as the Sclerotium slipilalum found in 
the nests of whit-o ants in South India.f From what is already 
known, however, wo feel justified in tho conclnaion that the 
so-calleJ species of Scleroiium ore a sort of compact mycelium, 
from which, under favourable conditions, perfect fungi may be 
developed. Mr. Berkeley succeeded in raising from the minute 
Sclerotium of onions, which looks like grains of coarse gun- 
powder, a species of Mitcor. This was accomplished by placing 
a thin slice of the Sclerotium, in a drop of water under a glass 
sHde, surrounded by a pellicle of air, and luted to prevent 
evaporation and external influences. J 

As to tho cultivation of moulds and Mueort, one great diffi- 
culty has to bo encountered in the presence or introduction of 
foreign spores to the matrix employed for their development. 
Bearing this in mind, extensive cultivations may be made, but 
the conditions must inBuenco the decision upon the results. 
Rice paste has been used with advantage for sowing the spores 
of moulds, afterwards keeping them covered from external in- 
fluences. In cultivation on rice paste of rare species, the 
experimenter is often perplexed by the more rapid growth at 
the common species of Mucor and pKnicilliam. Mr. Berkeley 
succeeded in developing up to a ciertain point the fungus of the 
Madura Foot, hut though perfect sporangia were produced, tlie 
further development was masked by the outgrowth of other 
species. In like manner, orango juice, cut surfaces of fruits, 

• Cnmj, JD "Linn. TranE." xiiv. pi. 25, figs. 17, 28. 

+ Berkeley, "On Two Tulieritnrm Veg. Proiluctlona from Travancore,' 
"Traaa. Linn. Soo." vol. xxiU. p. BI. 

t Betkeliy, "On a recnliar Form of MUilewin Onions," "Journ, Hort. S 
voLiii. p. ei. 
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slices of potato tubers, etc., have been employed. Fresh horse- 
dang, placed under a bell glass and kept in a humid atmosphere, 
will soon be covered with Mucor, and in like manner the growth 
of common moulds upon decayed fruit may be watched ; but this 
can hardly be termed cultivation unless the spores of some indi- 
vidual species are sown. Different solutions have been proposed 
for the growth of such conditions as the cells which induce fer- 
mentation, to which yeast plants belong. A fly attacked by 
Empusa muscce^ if immersed in water, will develop one of the 
SaprolegnicB. 

The Uredines and other epiphyllous Coniomycetes will readily 
germinate by placing the leaf which bears them on damp sand, 
or keeping them in a humid atmosphere. Messrs. Tulasne and 
De Bary have, in their numerous memoirs, detailed the methods 
adopted by them for different species, both for germination of 
the pseudospores and for impregnating healthy foster plants. 
The germination of the pseudospores of the species of Podi- 
soma may easily be induced, and secondary fruits obtained. The 
germination of the spores of Tilletia is more difficult to accom- 
plish, but this may be achieved. Mr. Berkeley found no difficulty, 
and had the stem impregnated as well as the germen. On the 
other hand, the pseudospores of Cystopus, when sown in water 
on a slip of glass, will soon produce the curious little zoospores 
in the manner already described. 

The sporidia of the Discomycetes, and some of the Sphceriacei, 
germinate readily in a drop of water on a slip of glass, although 
not proceeding further than the protrusion of germ-tubes. A 
form of slide has been devised for growing purposes, in which 
the large covering glass is held in position, and one end of the 
slip being kept immersed in a vessel of water, capillary attrac- 
tion keeps up the supply for an indefinite period, so that there is 
no fear of a check from the evaporation of the fluid. Even when 
saccharine solutions are employed this method may be adopted. 

The special cultivation of the Peronosporei occupied the atten- 
tion of Professor De Bary for a long time, and his experiences 
are detailed in his memoir on that group,* but which are too 

* De Bary, "Ann. des Sci. Nat.*' 4th series, vol. xx. 
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long for quotation here, except his observations on the develop- 
ment of the threads of Peronospora infest ans on the cut surface 
of the tubers of diseased potatoes. When a diseased potato is 
cut and sheltered from dessication, the surface of the slice covers 
itself with the mycelium and conidiiferous branches of Perono- 
spora^ and it can easily be proved that these organs originate 
from the intercellulary tubes of the brown tissue. The mycelium 
that is developed upon .these slices is ordinarily very \'igorous ; 
it often constitutes a cottony mass of a thickness of many milli- 
metres, and it gives out conidiiferous branches, often partitioned, 
and larger and more branched than those observed on the leaves. 
The appearance of these fertile branches ordinarily takes place 
at the end of from twenty-four to forty-eight hours ; sometimes, 
nevertheless, one must wait for many days. These phenomena 
are observed in all the diseased tubercles without exception, so 
long as they have not succumbed to putrefaction, which arrests 
the development of the parasite and kills it. 

Young plants of the species liable to attack may be inoculated 
with the conidia of the species of Peronospora usually developed 
on that particular host, in the same manner that young cruci- 
ferous plants, watered with an infusion of the spores of Cystopits 
candidws, will soon exhibit evidence of attack from the white 
rust. 

It is to the cultivation and close investigation of the growth 
and metamorphoses of the minute fungi that we must look for 
the most important additions which have yet to be made to our 
knowledge of the life-history of these most complex and interest- 
ing organisms. 
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GEOGRAPHICAL DISTRIBUTIOIT, 

Unfortunately no complete or satisfactory account can be given 
of the geographical distribution of fungi. The younger Fries,* 
with all the facilities at his disposal which the lengthened 
experience and large collections of his father afforded, could only 
give a very imperfect outline, and now we can add very little 
to what he has given. The cause of this difficulty lies in the 
fact that the Mycologic Flora of so large a portion of the world 
remains unexplored, not only in remote regions, but even in 
civilized countries where the Phanerogamic Flora is well known. 
Europe, England, Scotland, and Wales are as well explored as 
any other country, but Ireland is comparatively unknown, no 
complete collection having ever been made, or any at least 
published. Scandinavia has also been well examined, and the 
northern portions of France, with Belgium, some parts of Ger- 
many and Austria, in Tlussia the neighbourhood of St. Peters- 
burg, and parts of Italy and Switzerland. Turkey in Europe, 
nearly all Russia, Spain, and Portugal are almost unknown. As 
to North America, considerable advances have been made since 
Schweinitz by Messrs. Curtis and Ravenel, but their collections 
in Carolina cannot be supposed to represent the whole of the 
United States ; the small collections made in Texas, Mexico, 
etc., only serve to show the richness of the country, not yet half 
exhausted. It is to be hoped that the young race of botanists 
in the United States will apply themselves to the task of investi- 

* Mr. E. P. Fries, in ** Ann. des Sci. Nat." 1861, xv. p. 10. 
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gating tbe Mycologic Flora of tliis ricL aud fertile region. In 
Central America, very small and incomplete collections have aa 
yet been made, and tlie same mnj be said of Soath America and 
Canada. Of the whole extent of the Kew "World, only the 
Carolina States of North America can really be said to be satis- 
factorily known. Asia ia still less known, the whole of our vast 
Indian Empire being represented by the collections made by 
Dr. Hooker in the Sifckim Hima,]ayaa, and a few isolated speci- 
mens from other parts. Ceylon lias recently been removed from 
the category of the unknown by the publication of its Mycologic 
Flora.* All that is known of Java is supplied by the researches 
of Jnnghuhn; whilst all the rest is completely unknown, includ- 
ing China, Japan, Siam, the Mu-Iayan Peninsula, Burmah, and 
the whole of the countries in the north and west of India, A 
little is known of the Philippines, and the Indian Archipelago, 
but this knowledge is too fragmentary to be of much service. 
In Africa no part has been properly explored, with the exception 
of Algeria, although something is known of the Cape of Good 
Hope and Natal. The Australasian Islands are better repre- 
sented in the Floras published of those regions. Cuba and the 
West Indies generaQy are moderately well known from the 
collections of Mr. C. Wright, which have been recorded in the 
journal of the Linnffian Society, and in the same journal Mr. 
Berkeley has described many Australian species. 

It .will be seen from the above summary how unsatisfactory 
it must be to give anything like a general view of the goog^aphi- 
cal disti'ibntion of fungi, or to estiraato at at! approsimately 
the number of species on the globe. Any attempt, therefore, ■ 
must be made and accepted subject to the limitations we havo 
exprcssod. 

The conditions which determine the distribution of fungi are 
not precisely those which determine the distribution of the 
higher plants. In the case of the parasitic species they may lie 
said to follow the distribution of tbeir foater-plants, as in the 
case of the rnst, smut, and mildew of the cultivated cereals, 
ration of the Fuiifi of Cejlon," in "Journ, 
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which have followed those grains wherever they have been 
distributed, and the potato disease, which is said to have been 
known in the native region of the potato plant before it made 
its appearance in Europe. We might also allude to Puccinia 
malvacearum, Ca., which was first made known as a South 
American species ; it then travelled to Australia, and at length 
to Europe, reaching England the next year after it was recorded 
on the Continent. In the same manner, so far as we have the 
means of knowing, l^uccinia Apii, Ca., was known on the Con- 
tinent of Europe for some time before it was detected on the 
celery plants in this country. Experience seems to warrant the 
conclusion that if a parasite affects a certain plant within 
a definite area, it will extend in time beyond that area to 
other countries where the foster-plant is found. This view 
accounts in some part for the discovery of species in this country, 
year after year, which had not been recorded before ; some 
allowance being made for the fact that an increased number of 
observers and collectors may cause the search to be more com- 
plete, yet it must be conceded that the migration of Continental 
species must to some extent be going on, or how can it be 
accounted for that such large and attractive fangi as Sparassis 
crispa, Helvellas gigas, and Morckella crassipes had never been 
recorded till recently, or amongst parasitic species such as the 
two species of Puccinia above named ? In the same manner it 
is undoubtedly true that species which at one time were common 
gradually become somewhat rare, and at length nearly extinct. 
We have observed this to apply to the larger species as well as 
to the microscopic in definite localities. For instance. Crater' 
ellus cornucopioides some ten years ago appeared in one wood, 
at a certain spot, by hundreds, whereas during the past three or 
four years we have failed to find a single specimen. As many 
years since, and in two places, where the goat's-beard was abun- 
dant, as it is now, we found nearly half the flowering heads 
infested with Ustilago receptaculorvm, but for the past two or 
three years, although we have sought it industriously, not a 
single specimen could be found. It is certain that plants found 
by Dickson, Bolton, and Sowerby, have not been detected since, 
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whilst it is not improbaljle that specicB common with ns may bo 
very rare fifty years hence. In this manner it would really 
appear that fungi are roach more liable than Qowcring plants to 
shift their localities, or increase and diminiah in namber. 

The fleshy fungi, Agaricini and Boletl especially, are largely 
dependent upon the character of woods and forests. Whoa the 
undergi-owth of a wood is cleared away, as it often is every few 
years, it is easy to observe a considerable difference in the fungi. 
Species seem to change places, common ones amongst a dense 
undergrowth aro rare or disappear with the copsewood, and 
others not observed before take their place. Some species, too, 
aro peculiar to certain woods, such as beech woods and fir woods, 
and their distribution will consequently depend very much 
on, the presence or absence of such woods. Epiphytal species, 
snch as Aijaricui vlmariut, Agnricas macidtig, and a host of 
others, depend on circumstances which do not inflnenco the 
distribution of flowering plants. It may be assumed that 
such species as floarish in pastures and open places are subject 
to fewer adverse conditions than those which alTuct woods and 
fore Bis. 

Any one who has observed any locality with reference to its 
Mycologic Flora over a period of years will have been stmcfc 
with the difi'erence in number and variety caused by what may 
be termed a " favourable season," that is, plenty of moisture in 
August with warm weather ailerwards. Although we know bat 
little of the conditions of germination in Agarics, it is bat 
reasonable to suppose that a succession of dry seasons wUl con- 
siderably influence the flora of any locality. Heat and humidity, 
therefore, are intimately concerned in the mycologic vegetation 
of a country. Fries has noted in his essay the features to which 
we have alluded. "The fact," h« says, " must not bo lost sight 
of that some species of fungi which have formeriy been common 
in certain localities may become, within our bietimo, more and 
more scarce, and even altogether cease to grow tiioro. The 
cause of this, doubtless, is the occurrence of some change in tho 
physical ooustitutioa of a locality, such as that resulting li-om 
the destruction of a foi-eat, or from the drainage, by ditches and 
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cattings, of more or less extensive swamps, or firom the cul- 
tivation of tbe soil — all of them circnmstances which canse the 
destmedon of the primitive fnngaecoos vegetation and the pro- 
duction of a new one. If we compare the fongal flora of America 
with that of European countries, we observe that the former 
eqoals, in its richness and the variety of its forms, that of the 
phanerogamous flora; it is probable, however, that, in the 
lapse of more or fewer years, this richness will decrease, in 
consequence of the extension of cultivation — as is illustrated, 
indeed, in what has already taken place in the more thickly 
peopled districts, as, for example, in the vicinity of New 
York." 

Although heat and humidity influence all kinds of vegetation, 
yet heat seems to exert a less, and humidity a greater, influence 
on fungi than on other plants. It is chiefly during the cool 
moist autumnal weather that the fleshy fungi flourish most 
vigorously in our own country, and we observe their number to 
increase with the humidity of the season. Kain falls copiously 
in the United States, and this is one of the most fruitful coun- 
tries known for tlie fleshy fungi. Hence it is a reasonable 
deduction that moisture is a condition favourable to the develop- 
ment of these plants. The Myxogastres^ according to Dr. Henry 
Carter, are exceedingly abundant — in individuals, at least, if not 
in species — in Bombay, and this would lead to the conclusion 
that the members of this group are influenced as much by heat 
as humidity in their development, borne out by the more plen- 
tiful appearance of the species in this country in the warmer 
weather of summer. 

In the essay to which we have alluded, Fries only attempts 
the recognition of two zones in his estimate of the distribution 
of fungi, and these are the temperate and tropical. The frigid 
zone produces no peculiar types, and is poor in the number of 
species, whilst no essential distinction can be drawn between the 
tropical and sub-tropical with our present limited information. 
Even these two zones must not be accepted too rigidly, since 
tropical forms will in some instances, and under favourable con« 
ditions, extend far upwards into the temperate zone. 
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"In any region whatover," writes Fries, "it is nccessary,in 
tliQ first inetanco, to draw a distinction "between its open natcd 
plains and its wooded tracts. In the level open conntry there is 
a more rapid evaporation of the moisture ty the conjoined action 
of the sun and wind ; whence it happens that such a region ie 
more bare of fungi than one that is monntainons or covci'ed by 
woods. On the other hand, plains possess several species pecu- 
liar to themselves; ns, for example, Agaricttx pcd'tadcn, certain 
Tricliohmata, and, above all, the family Caprini, of which they 
niay be regarded as the special habitat. The species of this 
family augment in namber, in any given conntry, in proportion 
to the extent and degree of its cultivation [ for instance, they 
grow more luxuriantly in the province of Scania, in Sweden — 
a district further distinguished atovc all others by its cultivation 
and fertility. In woll-woodcd countries moisture is retained a 
much longer time, and, as a resnlt, the production of fungi is 
incomparably greater; and it is here desirable to mako a distinc- 
tion between the fungi growing in forests of resinons-wooded 
trees (Coniferts) and those whicb inhabit woods of other trees, 
for these two descriptions of forests may be rightly regarded, as 
to their fungaceous growths, as two different regions. Beneath 
the shade of Cataferm, fungi are earlier in their appearance; so 
mnch so, that it often happens titey have attained their full de- 
velopment when their congeners in forests of non-resinous trees 
have scarcely commenced their growth. la woods of the latter 
sort, the fallen leaves, collected in. thick layers, act as an obstacle 
to the soaking of moisture into the earth, and tliereby retard 
the vegetation of fungi ; on the other hand, such woods retain 
moisture longer. These conditions afford to several large and 
remarkable species the necessary time for development. The 
beech is characteristic of our own region, but further north this 
tree gives place to the birch. Coniferous woods are, moreover, 
divisible into two regions — that of the pines and that of the firs. 
The latter is richer in species than tlio for/ner, beeanse, as is 
well known, fir-trees flourish in more fertile and moister soils. 
Whether, with respect to the South of Europe, other bu1>- 
divisions into regions ore rcqnirud, we know not; still less are 
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we able to decide on the like question in reference to the coun- 
tries beyond Europe." * 

In very cold countries the higher fungi are rare, whilst in 
tropical countries they are most common at elevations which 
secure a temperate climate. In Java, Junghuhn found them 
most prolific at an elevation of 3,000 to 5,000 feet; and iii 
India, Dr. Hooker remarked that they were most abundant at 
an elevation of 7,000 to 8,000 feet above the sea level. 

For the higher fungi we must be indebted to the summary 
made by Fries, to which we have little to add. • 

The genus Agaricus occupies the first place, and surpasses, in 
the number of species, all the other generic groups known. It 
appears, from our present knowledge, that the Agarici have their 
geographic centre in the temperate zone, and especially in the 
colder portion of that zone. It is a curious circumstance that 
all the extra-European species of this genus Ajaricus may be 
referred to various European subgenera. 

In tropical countries it appears that the Agarici occupy only a 
secondary position in relation to other genera of fungi, such as 
Polgporus, Lenzites, etc. North America, on the other hand, is 
richer in species of Agaricics than Europe; for whilst the ma- 
jority of typical forms are common to both continents, America 
further possesses many species peculiar to itself. In the tem- 
perate zone, so close is the analogy prevailing between the 
various countries in respect to the Agaricini, that from Sweden 
to Italy, and as well in England as North America, the same 
species are to be found. Of 500 Agaricini met with in St. 
Petersburg, there are only two or three which have not been 
discovered in Sweden ; and again, of fifty species known in 
Greenland, there is not one that is not common in Sweden. The 
same remarks hold good in reference to the Agariciiii of Siberia, 
Kamtschatka, the Ukraine, etc. The countries bordering upon 
the Mediterranean possess, however, several peculiar types ; and 
Eastern and Western Europe present certain dissimilarities in 
their Agaric inhabitants. Several species, for example, of ArmiU 

* Fries, ** On the Geographical Distribution of Fungi," in " Ann. and Mag. 
Nat. Hist." ser. iii. vol. ix. p. 279. 
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laria and Triclwloma, ■wliicli have been fonnd in Hussia, have 
been met with in Sweden only in Upland, that is, in the moat 
eastern province; all tlia species wLich belong to the so-called 
ahiegno-ritpestra and pineto-montaniB regions of Sweden are 
wanting in England ; and it is only in Scotland that the species 
of northern monntainous and pine-bearingregions arc met with — 
a circamBtance explicable from the simihirity in physical features 
between Sweden and the nortliern portions of Great Britain. 

The species of Coprinus appear to find anitablo habitats in 
every quarter of the globe. 

The Co7-liiiariis predominate in the north; thoy alionnd in 
ITorthern IntitadeB,eBpcGia!ly on wooded hills; bat the plains ofier 
also some peculiar spcciea which flourish daring the rainy day3 
of August and Septembci'. In less cold countries they are more 
scarce or entirely absent. The species of the getms Mi/ijropliorus 
would at first seem to Lave a siniilar geographical distribution 
to those of tlio hist group ; but this is really not the case, for 
the same Jlyijrophori arc to be fonnd in nearly every conntry of 
Europe, and even the hottest countiiea (and those under the 
equator) aro not destitute of rcpi-OEcntativos of this wide-spread 
genus. 

The Lactarii, which aro so abundant in tlie forests of Europe 
and North America, appear to grow more and more Ecarco 
towards both the south and north. The same may be stated 
in regard to S»asula. 

The genns Marasmiui is dispei-acd tlironghont the globe, and 
everywhere presents numerous B|iccioa. In inter-tropical conn-, 
tries they are still more abundant, and exhibit pecnliarities in 
growth which probably might justify their collection into a 
distinct group. 

The genera Lentinvs and Len^itea are found in every region 
of the world; their principal centre, however, is in hot countries, 
where tbey attain a splendid development. On the contraiy, 
towards the north they rapidly decrease in number. 

The Polypori copstitate a group which, unliko that of the 
Agarics, especially belongs to hot countries. The Soleli oon- 
stitnte the only exception to this rule, since tbey select the 
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temperate and frigid zones for their special abode, and some of 
them at times find their way to the higher regions of the Alps. 
No one can describe the luxuriance of the torrid zone in PoZy- 
pori and Trametes, genera of Mymenomycetes^ which flourish 
beneath the shade of the virgin forests, where perpetual moisture 
and heat promote their vegetation and give rise to an infinite 
variety of forms. But though the genus Polyporus^ which rivals 
Agaricus in the number of its species, inhabits, in preference, 
warm climates at large, it nevertheless exhibits species peculiar 
to each country. This arises from the circumstance that the 
JPoJypori, for the most part, live upon trees, and are dependent 
on this or that particular tree for a suitable habitat ; and the 
tropical flora being prolific in trees of all kinds, a multitude of 
the most varied forms of these fungi is a necessary consequence. 
Hexagona^ Favolm, and Laschia are common in inter-tropical 
countries, but they are either entirely absent or extremely rare 
in temperate climes. 

When the majority of the species of a genus are of a fleshy 
consistence, it may generally be concluded that that genus 
bcloDgs to a Northern region, even if it should have some repre- 
sentatives in lands which enjoy more sunshine. Thus the S^ydna 
are the principal ornaments of Northeru forests, where they attain 
so luxuriant a growth and beauty that every other country must 
yield the palm to Sweden in respect to them. In an allied genus, 
that of Irpex, the texture assumes a coriaceous consistence, and 
we find its species to be more especially inhabitants of warm 
climates. 

Most of the genera of Auricularini are cosmopolitan, and the 
same is true of some species of Stereum, of Corticium, etc., which 
are met with in countries of the most different geographical 
position. In tropical countries, these genera of fungi assume the 
most curious and luxuriant forms. The single and not consider- 
able genus Cyphella appears to be pretty uniformly dfstributed 
over the globe. The Clavaricn are equally universal in their 
diffusion, although more plentiful in the north; however, the 
genus Pterula possesses several exotic forms, though in Europe 
it has but two repi'esentative species. That beautiful genus of 
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Tlywenowyceieii Sparassia, occupies a Bimilar place next ILe 
C'/avariai, and is peculiariy a production of the tempei-ato zone 
anJ of the coniferous region. 

The fungi which conatitute the family of TremelUni prevail in 
Europe, Asia, and North America, and exhibit no marked differ- 
ences amongst themselves, notwithstanding the distances of the 
several countries apart. It mast, however, be stated that the 
HirneoliB for the most part inhabit the tropica. 

We come now to the Gastei-omi/ce.tes—aa interesting family, 
which exhibits several ramifications or particular series of de- 
velopments. The most perfect Oastertmiycetea almost csclnsively 
belong to the -wanner division of the temperate, and to the 
tropical zone, where their vegetation is the most luxnriant. Of 
late the catalogae of these fungi has been greatly enriched by 
the addition of numerous genera and species, proper to hot coun- 
tries, previously unknown. Not uncommonly, the exotic floras 
differ from ours, not merely in respect of the apucioH, bnt also of 
the genera of Gns(eronii/crleg. It must, beside.'', be observed 
that this family is rich in well-defined genera, though very poor 
in distinct specifio formSi Among the genera found in Europe, 
many are cosmopolitan. 

The F/ialloidei present themselves in the torrid zone under 
Ihe most varied form and colouring, and comprise many genera 
rich in species. In Europe their number is very restricted, Aa 
we advance northward they decrease rapidly, so that the central 
distriota of Sweden possess only a single species, the Fhallus 
impudicus, and even this solitary representative of tho family is 
very scarce. In Scania, tlie most southern province of Sweden, 
there is likewise but on© genus atid one species belonging to it, 
viz., the Mutinus caninug. Among other members of the Phal- 
loidei, may be further mentioned the Lysurus of China, tho 
AterSe of Van Diemon'a Land, and the Clathru», one species of 
whicli, C. caneellatua, has a very wide geographical range; for 
instance, it is found in the south of Europe, in Germany, and in 
America; it occurs also in the south of England and tho Isle of 
Wight; whereas the other species of this genus have a very 
limited distribution. 
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The Tubcracei* are remarkable amongst the fungi in being 
all of them more or less hypogeons. They are natives of warm 
countries, and are distributed into numerous genera and species. 
The Tuheracei constitute in Northern latitudes a group of fungi 
very poor in specific forms. The few species of the Hymeno- 
gastrea belonging to Sweden, with the exception of Syjperrhiza 
variegata and one example of the genus Octaviana, are confined 
to the southern provinces. The greater part of this group, like 
the Lgcoperdaceiy are met with in the temperate zone. Most 
examples of the genus Lycoperdon are cosmopolitan. 

The Nidulariacei and the Trichodermacei appear to be scat- 
tered over the globe in a uniform manner, although their species 
are not everywhere similar. The same statement applies to the 
Myxogastres, which are common in Lapland, and appear to have 
their central point of distribution in the countries within the 
temperate zone. At the same time, they are not wanting in 
tropical regions, notwithstanding that the intensity of heat, by 
drying up the mucilage which serves as the medium for the 
development of their spores, is opposed to their development.f 

Of the ConiomyceieSy the parasitic species, as the Caomacei, the 
Pucciniei, and the Ustilagines, accompany their foster-plants into 
almost all regions where they are found ; so that smut, rust, and 
mildew are as common on wheat and barley in the Himalayas 
and in New Zealand as in Europe and America. Itavenelia and 
Cronartium only occur in the warmer parts of the temperate 
zone, whilst Sartvellia is confined to Surinam. Species of 
Podisoma and Boestelia are as common in the United States as 
in Europe, and the latter appears also at the Cape and Ceylon. 
Wherever species of Sphceria occur there the Sphceronemei are 
found, but they do not appear, according to our present know- 
ledge, to be so plentiful in tropical as in temperate countries. 
The Torulacei and its allies are widely diffused, and probably 
occur to a considerable extent in tropical countries. 

ITyphomycetes are widely diffused ; some species are peculiarly 

* The Hypogcei are evidently intended here by Fries. 

f Fries, " On the Geographical Distribution of Fungi/* in *' Ann. and Mag. 
Nat. Hist." ser. 8, vol. ix. p. 285. 
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cosmapolttHn, and all seem to be less influenced by climatic 
conditions than the more flcehy fungi. The Sepedoniei are 
represented by at least one species wherever JSolelu* is found. 
The Mucedines occur everywhere in temperato and tropical 
regions, Penicillium and AnpergUlui flonrishing as much in the 
latter as in the former. Sotrytit ajid Peronospora are almost aa 
widely difiuEed and as destructive in warmer a.a in temperate 
countries, and althongh from difGculty in preservation the moulda 
are seldom represented to any extent in collections, yet indica- 
tions of their presence constantly occur in connection with other 
forms, to BHch an extent as to warrant the conclusion that they 
are far from uncommon. The Deuialiei ai-e probably equally as 
Mridely diffused. Species of ffel minthoiponum, Cladasporium, 
and Macrotporiuiii seem to bo as common in tropical as temper- 
ate climes. The distribution of these fang) is imperfectly known, 
except in Europe and North America, but their occurrence in 
Ceylon, Cuba, India, and Australasia indicated a cosmopoliUin 
range. Oladosporium herbarum would seem to occur everywhere. 
The Slilhacei and laariacei are not less widely diffused, although 
ea yet apparently limited in species. Isaria occurs on insects 
in Brazil as in North America, and species of SlUium and Isaria 
are by no means rare in Ceylon. 

The Physoini/cetet have representatives in the tropica, species 
of Mueor occurring in Cuba, Brazil, and the sonthern states of 
North America, with the same and allied genera in Ceylon. 
Antennaria and Fiaomi/xa seem to reach their highest develop- 
ment in hot conntries. 

The Ascomi/cetes are represented everywhere, and although 
certain groups are more tropical than others, they are represented 
in all collections. The fleshy forms are most prolific in temper- 
ate countries, and only a few species of Peziza alfect tho tropics, 
yet in elevated districts of hot countrios, such as the Himalayas 
of India, Pexiza, Morekella, and Greoi/loisurn are found. Two or 
three species of Morchella aro found in Kashmir, and at least- 
one or two in Java, where they are used as food. The genus 
Vj/iiaria is confined to the soutbem parts of South America 
and Tasniania. The United States equal if they do not exceed 
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Earopean states in the number of species of tlie Discomyeetes. 
The Phacidiacei are not confined to temperate regions, but are 
more rare elsewhere. Cordieritea and AcroacypJiua (?) are tro- 
pical genera, the former extending upwards far into the tem- 
perate zone, as Mi/sterium and Mhytisma descend into the tropics. 
Amongst the Sphariacei^ Xylaria and Sypoxylon are well repre- 
sented in the tropics, such species as Xylaria Jiypoxylon 9,tA 
Xylaria corniformis being widely diffused* In West Africa an 
American species of Sypoxylon is amongst the very few speci- 
mens that have ever reached us from the Congo, whilst 
H. concentricum and JJatuUna vulgaris seem to be almost cosmo- 
politan. Torruhia and Nectria extend into the tropics, but are 
more plentiful in temperate and sub-tropical countries. Dothidea 
is well represented in the tropics, whilst of the species of 
Spharia proper, only the more prominent have probably been 
secured by collectors ; hence the Superjicialea section is better 
represented than the Obteota^ and the tropical representatives 
of foliicolous species are but few. Asterina^ Mtcropeltis, and 
Pemphidium are more sub-tropical than temperate forms. The 
Perisporiacei are represented almost everywhere; although 
species of ErysipJie are confined to temperate regions, the genus 
Meliola occupies its place in warmer climes. Finally, the 
Tuheracei, which are subterranean in their habits, are limited 
in distribution, being confined to the temperate zone, never 
extending far into the cold, and but poorly represented out of 
Earope. One species of Mylitta occurs in Australia, another 
in China, and another in the Neilgherries of India ; the genus 
Paurocotylis is found in ^N'ew Zealand and Ceylon. It is said 
that a species of Tuber is found in Himalayan regions, but in 
the United States, as well as in ]N'orthern Europe, the Tuber acei 
are rare. 

The imperfect condition of our information concerning very 
many countries, even of those partially explored, must render 
any estimate or comparison of the floras of those countries most 
fragihentary and imperfect. Recently, the mycology of our own 
islands has been more closely investigated, and the result of 
many years' application on the part of a few individuals has 
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appealed in. a rMord of some 2,800 speciea,* to which suhseqncut 
additiona have been, made, to an extent of probably not much 
less than 200 speciBs.-f which would bring the total to about 
3,000 spocica. The result is that co material difference exists 
between our flora and that of Northern France, Belgium, and 
Scandinavia, except that ia tlie latter there are a larger number 
of Hymenomycetal forms. The latest estimates of the flora of 
Scandinavia are contained in the works of the illustrious rrieSiJ 
but these arc not aofEciently recent, except bo far as regards 
the IJymenomijuetea, for comparison of numbers with British 
speciea. 

The flora of Belgium has its m-Ost recent exponent in the post- 
hoTnoas work of Jean Kickx ; bat the 1,370 species enumerated 
by him can hardly be supposed to represent the whole of the 
fungi of Bclgiumj for io such case it would bo less than half the 
number found iu the British Islands, although the majority of 
genera and species are the same. § 

For the North of France no one could have furnished a. 
more complete list, oapecially of the microscopic forms, than 
M. Deamazieres, but we are left to rely solely upon. Iiis papers iu 
"Annates des So. Nat." and bis published specimens, which, 
though by no means representa,tive of the fleshy fungi, arc doubt- 
less tolerably exhaustive of the minute species. From what we 
know of French Si/menomycdes, their number and variety 
appear to be much below those of Great Britain. || 

The mycologic flora of Switzet-land has been very well investi- 

» Cooke's "IlanOlxMk o£ Erltiah Fungi," 2 vols. 1371. 

t *' Gterillea," vols. i. and il London, 1872-1874. 

X Frlea, "Sunima Vegotabilium SoaadinniViiE'' (1S4S}, and "UonograpMs 
HjmeDomjcetnni Suecis'' (18Q3); "Epicrisis Hymcnamjcctnm Europ." (1374). 

3 " Floce cijptogamiqua des Flandera" (1867). 

II "Am£ Plsnles Cryptogames-cetlala-ires da Dopariment de Swns el Loire" 
(1863); BalUsid, "Hist, des CbampigaoDa de la Franoa " (17B1); De Cuidolle, 
" Flore Pran^idsB" (1815); Duby, "Botanicon Qallionta" (lft2B-133()); Paulet, 
" leoaognLpfaie dca Cliampignona " (1SS5) ; Qodron, "Oitilogae (lea FJjatea 
Cetldlaii'ai da Departmcat da la Mcartho" (13451 ; Cronun, " Flora! o dn 
rioistSra" (18(17) ; Ds Seynea, " Esaai d'ane Ftoro Mjcolosiqao de la ESgion da 
XenbpeUier et da Gard " (1363), 
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gated, althongli requiring revision. Less attention having been 
given to the minnte forms, and more to the Hymenomycetes than 
in France and Belgium, may in part account for the larger pro- 
portion of the latter in the Swiss flora.* 

In Spain and Portugal scarce anything has been done ; the 
small collection made by Welwitsch can in no way be supposed 
to represent the Peninsula. 

The fuugi of Italy f include some species peculiar to the 
Peninsula. The Tuheracei are well represented, and although 
the Hymenomycetes do not equal in number those of Britain or 
Scandinavia, a good proportion is maintained. 

Bavaria and Austria (including Hungary and the Tyrol) are 
being more thoroughly investigated than hitherto, but the works 
of Schffifler, Tratinnick, Corda, and Krombholz have made us 
acquainted with the general features of their mycology, J to 
which more recent lists and catalogues have contributed. § The 
publication of dried specimens has of late years greatly facili- 
tated acquaintance with the fungi of different countries in 
Europe, and those issued by Baron Thiimen from Austria do not 
differ materially from those of Northern Germany, although 
Dr. Rehm has made us acquainted with some new and inter- 
esting forms from Bavaria. || 

Russia is to a large extent unknown, except in its northern 
borders.^ Karsten has investigated the fungi of Finland,** and 

• Sccretan, " Mycograpliie Suisse" (1833); Trog, " Verzeichnias Schweize- 
rischer Schwftmme " (1844). 

t rasscrini, "Funghi Parmensi," in "Gioni. Bot. Italiano" (1872-73); 
Venturi, **Miccti deli' Agro Bresciano" (1845); Viviani, ** Fungbi d'ltalia" 
(1884) ; Vittadini, »» Funghi Mangerecci d'ltalia" (1835). 

t Schielfer, "Fungorum qui in Bavaria," &c. (1762-1774); Tratinnick, 
"Fungi Austriaci" (1804-1806 and 1809-30); Corda, "Icones Fungorum" 
(Prague, 1837-1842); Krombholz, " Abbildungen der Schwammo " 1831-1849). 

§ Reichardt, "Flora Ton Iglau;" Niessl, **Cryptogamenflora Nieder-OEster- 
reichs" (1867, 1859) ; Schulzer, "Schwammo Ungams, Slavonicns,'* &c. 

n Relim, "Ascomyceten," fasc. i.-iv. 

^ Weinmann, " Hymeno-et Qasteromycetes,' in **Imp. Ross" (1836); Wein- 
mann, " Enameratio Stirpium, in Agro Petropolilano " (1837). 

Karsten, *' Fungi in inBulisSpetsbergencoUectio" (1872); Karsten, **Mono- 
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added consideraljlj to ihe number of Digeomt/celee, for wliicli 
the climate Becms to bo favourablo ; but, as a, whole, it maj be 
concluded tliat Western and Northern Europe are much better 
explored than the Eastern and South-Eastern, to which we might 
add the Sooth, if Italy h(\ excepted. 

We have only to add, for Europe, that different portions of 
tlie Germun empire have been well worted, from the period of 
IVallroth to the present.* Recently, the valley of the Rhino haa 
Iwen cshaustively examiueil by Fcckel ;t l>iit both Germany and 
Franco snlTcred checks daring the late war which made their 
mark on the records of Bcienco not so speedily to be effaced. 
Denmark:, with ita eplendid Flora Danica still in progress, more 
than a century after its commencement,! has a mycologic flora 
very like to that of Scandinavin, which is as well known. 

If we pass from Europe to North America, we find there a 
mycologic floi'a greatly resembling that of Europe, and although 
Canada and the extreme North ia little known, some parts of 
the United States have been investigated. Schweinitz § first 
made known to any extent the riches of this country, espociftlly 
Carolina, and in this state the late Dr. Curtis and H. W- Ravonel 
continued their labours. With the exception of Lea's coUectiona 
iu Cincinnati, Wright's in Texas, and some contribntiona from 
Ohio, Alabama, Massachusetts, and Now York, a great portion 
of this past country is mycologically unknown. It is remarkably 
rich in fleshy fungi, not only in Agarieini, but also iu Diacomi/- 
cotet, cont^iining a large number of European forius, mostly 

gra;>liia PeziEirani fenDiconuD " (1SC9); Karsten, " 5}'iuboIii ad MjColDgiam 
fennicam" (1870). 

• Esbonliorst, " DeotBohlanda Krjptogamen Flora" (1B44); Wallrolb, "Flora 
aenoaoicik" (1S33) ; Sum, "DontfcblandE Flora, iii. die Filie" (1337, &a). 

t Fiultel, " Sf mbotto m jcologicn " (1S69). 

i "Finn Canica" (1766-1S73); HolmakjolJ, " Beata rurii otin Fungis 
Dun!i>LB iiiip«u!a" {17BD) ; Schuouicher, " Eau me ratio pluntarum Solbndiic" 
(18U1). 

S HcbireiiiiU, " SyDopeie FungorDm," in "America Borenli," &c. (1S34). 
Lea, "Cabilogue of PlaoM oC Cincinnati" <1840); Curtis, " Cntiilogua oE tho 
Plants of North Carolina" (ISU?) i Beikelej, " North Ammcun Fungi," iu 
"Qreiillea," vols, i.-ill. ; Tuck, In "Beports of Ken York Museum Nat. IliEt." 
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European genom, Yiith many species at present peculiar to itself. 
Tropical forms extend upwards into the Southern States. 

The islands of the West Indies have been more or less ex- 
amined, but none so thoroughly as Cuba, at first bj Ramon de la 
Sagra, and afterwards by "Wright.* The three principal genera 
of Hymenomycetes represented are Agaricus, Marasmiua^ and 
Polypoms, represented severally by 82, 51, and 120 species, 
amounting to more than half the entire number. Of the 490 
species, about 57 per cent, are peculiar to the island ; 13 per 
cent, are widely dispersed species ; 12 per cent, are common to 
the island and Central America, together with the warmer parts 
of South America and Mexico ; 8 per cent, are common to it 
with the United States, especially the Southern ; while 13 per 
cent, are European species, including, however, 13 which may 
be considered as cosmopolitan. Some common tropical species 
do not occur, and, on the whole, the general character seems 
sub-tropical rather than tropical. Many of the species are 
decidedly those of temperate regions, or at least nearly allied. 
Perhaps the most interesting species are those which occur in 
the genera Oraterellus and Zaschia, the latter genus, especially, 
yielding several new forms. The fact that the climate is, on the 
whole, more temperate than that of some other islands in the 
same latitudes, would lead us to expect the presence of a com- 
paratively large number of European species, or those which 
are found in the more northern United States, or British North 
America, and may account for the fact that so small a propor- 
tion of species should be identical with those from neighbouring 
islands. 

In Central America only a few small collections have been 
made, which indicate a sub-tropical region. 

From the northern parts of South America, M. Leprieur 
collected in French Guiana.t Southwards of this. Spruce col- 
lected in the countries bordering on the River Amazon, and 

* Berkeley and Curtis, ** Fungi Cubensis,'* in "Journ. Linn. Soc." (1868); 
Eamon de la Sagra, ** Hist. Phys. de Tlsle de Cuba, Cryptogames, par Montague" 
(1841); Montague, in "Ann. des Sci. Nat." February, 1842. 

+ Montagne, "Cryptogamia Guyanensis,** "Ann. Sci. Nat." 4"*® sfir. iii. 
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Gardner in Brazil,* Gandlchaud in Cbili and Pemit G^y ™ 
Chili,! Bianctet in Bahia,§ Weddall in Brazil,|] and Angnate 
de Saint Hiliare IT in tho same country. Small collectiona have 
also been made in the extreme south. All these collections 
contain coriaceona speciea of Folt/porus, Mivolue, and allied 
genera, with Aurioiilarini, togettei" with such Ascomycetea aa 
£ylaria, and such forma of Peziza as P. iridioloma, P. Sindsii, 
and P. macrotis. As yet we oannot form an estimate of the 
extent or variety of the South American flora, which has fur- 
nished the intereating genus Cyttaria, and may yet supply forma 
nnrecognized elsewhere. 

The island of Juan Fernandez furnished to M, Bertero a good 
representative coDection,** which is remarkable as containing 
more than ono-half its number of European species, and tho rest 
possessing rather the character of thoae of a temperate than a 
Gub- tropical region. 

Attstralaaia haa been partly explored, and the results embodied 
in the Floras of Dr. Hooker and anbaequcnt communications. 
In a, note to an enumeration of 235 species in 1S72, the writer 
observes that " many of them are either identical with European 
Bpecics, or so nearly allied that with dried specimens only, 
nnaccompanied by notes or drawings, it ia impoasible to separate 
them ; othera are species which are almoat universally found in 
tropical OP aub-tropical conntriee, while a few only are peculiar 
to Australia, or are undeseribed species, mostly of a tropical type. 
The collections on the whole can scarcely bo said to ba of any 
Eireat interest, except ao far as geographical distribution ia con- 
cerned, aa the aberrant forms aro few." tt 

• Berkeley, In "Hooker's Joonml o£ Botanj" foe 1843, So. 

t Moatugue, in "Ann. deaSci. Kit." 2"" sit. vol. ii. p. 73 (1S34). 

t Oaj, ■• Hist, fiiica y politictt da Chile " (184E). 

S Berkeley and Monla«np, " Ann. des 8ci. Not." iL (April, 184fl). 

II Moatagne, in " Ann. dea 8eL Nat." i™' s^r. v. No. 6. 

H Hoalagno, in "Ann. des ScI. Nat." [Jnlj, 1839). 

"• MontnEnH, " Prodromns Flone Fernandeaionio," in "Ann. deg Sd. Kut," 
(June, 1835). 

t^ Berkeley, "On Auatralian Fungi," in " Jouru. Linn. Society," vol, Xiii. 
(M«j, 18721. 
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The fan'gi collected by the Antarctic Expedition in Auckland 
and Campbeirs Islands, and in Fuegia and the Falklands,* were 
few and of but little interest, including such cosmopolitan 
forms as Sphcsria hebaru/m and Cladosporium herbarum^ Hirneola 
auricula-judacB^ Polyporus versicolor^ Eurotium herbariorum, etc. 

In New Zealand a large proportion have been found, and these 
may be taken to represent the general character of the fangi 
of the islands, which is of the type usually found in temperate 

regions, t 

The fungi of Asia are so little known that no satisfactory 
conclusions can be drawn from our present incomplete know- 
ledge. In India, the collections made by Dr. Hooker in his 
progress to the Sikkira Himalayas,} a few species obtained by 
M. Perottet in Pondicherry, and small collections from the 
Neilgherries,§ are almost all that have been recorded. From 
these it may be concluded that elevations such as approximate 
a temperate climate are the most productive, and here European 
and North American genera, with closely allied species, have 
the preponderance. The number of Agaricini^ for instance, is 
large, and amongst the twenty-eight subgenera into which the 
genus Agaricus is divided, eight only are unrepresented. Casual 
specimens received from other parts of India afford evidence 
that here is a vast field unexplored, the forests and mountain 
slopes of which would doubtless afford an immense number of 
new and interesting forms. 

Of the Indian Archipelago, Java has been most explored, both 
by Junghuhn|| and Zollinger-lf The former records 117 species 
in 40 genera, Nees von Esenbeck and Blume 11 species in 
8 genera, and Zollinger and Moritzi 31 species in 20 genera, 
making a total of 159 species, of which 47 belong to Folyporus. 

• Hooker's " Cryptogamia Antarctica," pp. 57 and HI. 

t Hookers "New Zealand Flora." 

X Berkeley, "Sikkira Himalayan Fangi," in Hooker's "Journal of Botany** 
(1850), p. 42, &c. 

§ Montagne, " Crypto ^amae Neilgherrensis," in " Ann. des Soi. Nat." 2°** ser. 
xviii. p. 21 (1842). 

II Junghuhn, " Fremissa in Floram Crypt. Javse." 

^ Zollinger, " Fungi Archipalegi Malaijo Neerlandici novi. 
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L67eill6 added 87 species, making a total of 246 species. The 
fungi of Samatra, Borneo, and other islands are partly the same 
^and partly allied, but of a similar tropical character. 

The fungi of the island of Ceylon, collected by Gardner, 
Thwaites, and Konig, were numerous. The Agarics comprise 
302 species, closely resembling those of our own country.* It 
is singular that every one of the subgenera of Fries is repre- 
sented, though the number of species in one or two is greatly 
predominant. Lepiota and Psalliota alone comprise one-third 
of the species, while Pholiota offers only a single obscure species. 
The enumeration recently published of the succeeding families 
contains many species of interest. 

In Afiica, the best explored country is Algeria, although 
unfortunately the flora was never completed.*}- The correspcm- 
dence between the fungi of Algeria and European countries is 
very striking, and the impression is not removed by the presence 
of a few sub-tropical forms. It is probable that were the fungi 
of Spain known the resemblance would be more complete. 

From the Cape of Good Hope and Natal collections have been 
made by Zeyher,J Drege, and others, and from these we are 
enabled to form a tolerable estimate of the mycologic flora. Of 
the Hymenomycetes^ the greater part belong to Ayarictis : there 
are but four or five Polypori in Zeyher's collection, one of which 
is protean. The Gasteromycetes are interesting, belonging to 
many genera, and presenting two, Scoleciocarpus and Phellorinia, 
which were founded upon specimens in this collection. Batarrea^ 
Tulosfoma, and Mycenastrum are represented by European species. 
There are also two species of Lycoperdon^ and one of Podaxon, 
Besides these, there is the curious Secotium Chueinzii, The genus 
Geaster does not appear in the collection, nor Scleroderma, 
Altogether the Cape flora is a peculiar one, and can scarcely be 
compared with any other. 

At the most, only scattered and isolated specimens have been 

* Berkeley and Broome, ** Fungi of Ceylon," in "Journ. Linn. Soc." for 
May, 1871. 
t ** Flore d'Algerie, Cryptogaraes" (1846, &c.). 
J Berkeley, in Hooker's ** Journal of Botany," vol. ii. (1843), p. 408. 
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rcoordcd from Senegal, from Egypt, or from otlier parts of 
Africa, so tbat^ with the above exceptions, the continent may 
\ns regarded as unknown. 

From this imperfect snmmarj it will be seen that no general 
scheme of geographical distribution of fhngi can as yet be 
attempted, and the most we can hope to do is to compare 
collection with collection, and what we know of one country 
with what we know of another, and note di£Eerences and agree- 
ments, so as to estimate the probable character of the fxmgi of 
otiicr countries of which we are still in ignorance. It is well 
sometimes that we should attempt a task like the present, since 
we then learn how much there is to be known, and how much 
^(K>d work lies waiting to be done by the capable and willing 
hands that may hereafter undertake it 



OOLLBCTIOfT AND PRESEllVATIOH. 

The muUitadinons fonuB which fungi asanine, the difTerencea 
of sabst^iDce, aad variability in size, render a somewhat detailed 
acconnt of the modes adopted for their collection and preserva- 
tion necessary. The habitats of the Tariona groups have already 
bean indicated, so that there need be no diEGcalty in selecting 
the most suitable spots, and aa to the period of the year, this will 
be determined by the class of objects sought. Although it may 
be said that no time, except when, the ground is covered with 
snow, is entirely barren of fangi, yet there are periods more 
prolific than others* Fleshy fungi, such as the Synienomyaetet, 
are most common from September until the frosts sot in, whereas 
many microscopic species may be found in early spring, and 
increase in number until the autumn. 

The collector may be provided with an ordinary collecting 
box, but for the Agarics an open shallow basket is preferable. A 
great number of the woody kinJs may bo carried in the coat- 
pocket, and foliicolons species placed between the leaves of a 
pocket-book. It is a good plan to be provided with a quantity 
of soft bibulous paper, in which specimens can be wrapped when 
collected, and this will materially assist in their preservation 
when transferred to box or basket. A large clasp-knife, a small 
pocket-saw, and a pockotlens will complete tlio outfit for ordinary 
occasions. In oriler to preserve the fleshy fungi for the her- 
barium, there is bntone method, whichhasoften been described. 

* Tbe guDua Cliionyplie occun on gra.iuLriea under Raow, ru veil u in tb:it 
IbnsidabU disciBe, the Haduta ftingus-Iool. (See Oirt«r'» " Mjaetomi.") 
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The Agaric, or other similar fungus, is cut perpendicularly from 
the pileus downwards through the stem. A second cut in the 
same direction removes a thin slice, which represents a section of 
the fungus ; this may be laid on blotting paper, or plant- drying 
paper, and put under slight pressure to dry. From one-half of 
the fungus the pileus is removed, and with a sharp knife the 
gills and fleshy portion of the pileus are cut away. In the same 
manner the inner flesh of the half stem is also cleared. When 
dried, the half of the pileus is placed in its natural position on 
the top of the half stem, and thus a portrait of the growing 
fungus is secured, whilst the section shows the arrangement of 
the hymenium and the character of the stem. The other half 
of the pileus may be placed, gills downward, on a piece of black 
paper, and allowed to rest there during the night. In the morn- 
ing the spores will have been thrown down upon the paper, 
which may be placed with the other portions. When dry, the 
section, profile, and spore paper may be mounted together on a 
piece of stiif paper, and the name, locality, and date inscribed 
below, with any additional particulars. It is advisable here to 
caution the collector never to omit writing down these particulars 
at once when the preparations are made, and to place them 
together, between the folds of the drying paper, in order to 
prevent the possibility of a mistake. Some small species may 
be dried whole or only cut down the centre, but the spores should 
never be forgotten. When dried, either before or after mounting, 
the specimens should be poisoned, in order to preserve them 
from the attacks of insects. The best medium for this purpose 
is carbolic acid, laid on with a small hog-hair brush. Whatever 
substance is used, it must not be forgotten by the manipulator 
that he is dealing with poison, and must exercise caution. If 
the specimens are afterwards found to be insufficiently poisoned, 
or that minute insects are present in the herbarium, fresh 
poisoning will be necessary. Some think that benzine or spirits 
of camphor is sufficient, but as either is volatile, it is not to be 
trusted as a permanent preservative. Mr. English, of Epping, 
by an ingenious method of his own, preserves a great number 
of the fleshy species in their natural position, and although 
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valueless for aa heibarium, they are not only very ornaraenlal, 
bnt useful, if space cau be devoted to them. 

Leaf parasites, whether on living or dead leaves, may be dried 
Id the usual way for drying plants, between folds of bibulous paper 
under pressure. It maybe somotimoa necessary with dead leaves 
to throw them in water, in order that they may be ftattened with- 
out breaking, and then dry them in the same manner as green 
leaves. All species produced on a hard matrix, as wood, bark, 
etc., should have as much as possible of the matrix pared away, 
so that the specimens may lie flat in the herbarium. Thia is 
often faeihtated in corticoloua species by reraoviug the baik and 
drying it under pressure. 

The dasty Gai/eroniycetes axe troublesome, especially the 
minute species, and if mounted openly on paper are soon spoiled. 
A good plan is to provide small square or round cardboard 
boxes, of not more than a quarter of an inch in depth, aud 
to glue the specimen to the bottom at once, allowing it to 
dry in that position before replacing the cover. Tlie same 
method sliould be adopted for many of the moulds, such as 
Polyaetii, etc., which, under any circ am stances, are difficult to 
preserve. 

In oolleoting moulds, we have found it an escellent plan to 
go out provided with small wooden boses, corked at top and 
liottom, sach as entomologists use, and some common pinB. 
When a delicate mould is collected on a decayed Agaric, or any 
other matrix, after clearing away with a penknife all unneceBsary 
portions of the matrix, the specimeu may be pinned down ^o the 
cork in one of these boxes. Another method, and one advisable 
also for the Mi/xogastreg, ia to carry two or three pill-boxes, in 
which, after being wrapped in tissue paper, the specimen may 
be placed. 

A great difficulty is often experienced with mioroscopio fungi, 
ench, for instance, as the Sphariacei, in the necessity, whenever 
a new examination is reqnli'ed, to soak the specimen for some 
hours, and then transfer tlio frnit to u slide, before it cau be 
compared with any newly-found specimen that has to be identi- 
fied. To avoid this, mounted specimens ready for the luicroscopo 
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sporidia are very delicate and hyaline, the septa cannot readily 
be seen if present ; to aid in the examination, a drop of tinctare 
of iodine will be of considerable advantage. In many cases 
sporidia, which are very indistinct in glycerine, are much more 
distinct when the fluid is water. 

The following hints to travellers, as regards the collection of 
fungi, di*awn up some years since by the Rev. M. J. Berkeley, 
have been widely circulated, and may be usefully inserted here, 
though at the risk of repetition : — 

" It is frequently complained that in collections of exotic plants, 
no tribe is so much neglected as that of fangi ; this arises partly 
from the supposed difficalty of preserving good specimens, partly 
from their being less generally studied than other vegetable pro- 
ductions. As, however, in no department of botany, there is a 
greater probability of meeting with new forms, and the diffi- 
culties, though confessedly great in one or two genera, are far 
less than is often imagined, the following hints are respectfully 
submitted to such collectors as may desire to neglect no part of 
the vegetable kingdom. 

•' The greater proportion, especially of tropical fungi, are dried, 
simply by light pressure, with as much ease as phoenogamous 
plants ; indeed, a single change of the paper in which they are 
placed is generally safficient, and many, if wrapped up in soft 
paper when gathered, and submitted to light pressure, require 
no further attention. Such as are of a tough leathery nature, 
if the paper be changed a few hours after the specimens have 
been laid in, preserve all their characters admirably ; and if in 
the course of a few weeks there is an opportunity of washing 
them with a solution of turpentine and corrosive sublimate, 
submitting them again to pressure for a few hours merely to 
prevent their shrinking, there will be no fear of their suffering 
from the attacks of insects. 

" Many of the mushroom tribe are so soft and watery that it 
is very difficult to make good specimens without a degree of 
labour which is quite out of the question with travellers. By 
changing, however, the papers in which they are dried two or 
three times the first day, if practicable, useful specimens may be 
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prepared, especially if a few notes be made as to colour, etc, 
Tlie more im^^ortimt notes arc as to the coloar of tbe Gtem 
and pilena, together with any peeoliaritioa of the snrface, e.ff., 
whether it be dry, Tiscid, downy, scaly, etc., and whether the 
flesh of the pileus be thin or otherwise ; as to the stem, whether 
hollow or solid ^ as to the gills, whether they are attached to the 
stem or free ; and especially what is their colour and that of the 
spores. It is not in general expedient to preserve specimens in 
spirits, escept others are dried bj pressnre, or copions notes be 
made; eicept, indeed, in some fnngi of a gelatinous nnture, 
wliich can scarcely be dried at all by pressure. 

"The large woody fungi, the puff-balls, and a great number 
of those which grow on wood, etc,, are best preserved, after 
ascertaining that they are dry and free from larvte, by simply 
wrapping them in paper or placing them in chip-boses, taking 
care that they are so closely packed as not to rub. As in other 
tribes of plants, it is very requisite to have specimens in dilFcrent 
stages of growth, and notes as to precise habitats are always 
interesting. 

" The attention of the traveller can scarcely be directed to any 
more interesting branch, or one more likely to produce novelty, 
than the pnff-ball tribe; and he is particularly requested to col- 
lect these in every stage of growth, especially in the earliest, 
and, if possible, to preserve some of the yonnger specimens in 
spirits. Oiie or two species are prodoced on ant-billa, the know- 
ledge of the early state of which is very desirable. 

" The fungi which grow on leaves in tropical climates ore 
scarcely less abundant than in our own countty, though bclouging 
to a difierent type. Many of these must constantly come under 
the eye of the collector of phoenogams, and would bo most 
acceptable to the mycologist. Bat the attention of the collector 
should also be directed to the lie!ien-like fungi, which are ao 
abundant in some countries on fallen sticks. Hundreds of 
species of the utmost interest would reward active research, and 
they are amongst the easiest to dry j indeed, in tropical coun- 
tries, the greater proportion of the species are easy to preserve, 
but they will not strike the eye which is not on the watch for 
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them. The nmnber of fleshy species is but few, and far less 
likely to famish novelty." 

In conclusion, we may urge upon all those who have followed 
ns thas far to adopt this branch of botany as their speciality. 
Hitherto it has been very much neglected, and a wide field is 
open for investigation and research. The life-history of the 
majority of species has still to be read, and the prospects of new 
discoveries for the industrious and persevering student are great. 
All who have as yet devoted themselves with assiduity have been 
in this manner rewarded. The objects are easily obtainable^ and 
there is a constantly increasing infatuation in the study. Where 
so much is unknown, not a few difficulties have to be encoun- 
tered, and here the race is not to the swifb so much as to the 
untiring. May our efforts to supply this introduction to the 
study receive their most welcome reward in an accession to the 
number of the students and investigators of the nature, uses, 
and influences of ^ngi. 
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,, germination^ 141. 
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Agaric of the olive, 108. 
Agarics, growth of, 138. 
Algo-lichen hypothesis, 10. 
Alveolate spores, 130. 
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„ fungi, 281. 
Antheridia, presumed, 171. 
Appearance of new forms, 248. 
Arrangement of families, 80. 
Asci and sporidia, 131. 
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their dehiscence, 59. 
Ascobolei, structure of, 56. 
AscomyceUSf classification of, 75. 
distribution of, 277. 
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,, structure of, 55. 
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Atmosphere, sx>ores in, 214. 

Barberry cluster-cups, 201. 
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Berberry and mildew, 199. 
Boletus, esculent species, 95. 
Books on structure, 63. 
Bulgaria, its dualism, 198. 
Bunt and smut, 225. 

spores, germination of, 150. 
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Casor/Mcet, structure of, 36. 
Camp measles and fever, 213. 
Caudate sporidia, 134. 
Champignon, fairy-ring, 94. 
Change of colour, 114. 
Chantarelle, the, 93. 
Cholera fungi, 213. 
Ciliated stylospores, 124-6. 
Classification of Ascomycetes, 75. 

Coniomycetes, 69. 

fungi, 64. 

GasteromyceteSf 66. 

ffymenomyceteSf 65. 

NypkomyceteSf 73. 

PhysoinyceteSf 74. 
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Collecting fungi, 287. 
Colour and its variation, 117. 
Conditions of growth, 2G9. 
Conidia of Erytiphei, 62. 

MucoTf 53. 

Peziza, 46. 
. „ SpkoerioSf 102. 

Coniomycetes, chiaaification of, 69. 
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ConiomyceUs, baHtats of, 88. 
Conjugating cells, 165. 
Conjugation in Peronospora, 171. 

„ Pezizay 175. 

Copulation in DiscomyceteSj 173. 

„ fungi, 163. 

Com, mildew, and^ust, 224. 
Cortinanus^ species of, 91. 
Cotton plant diseases, 228. 
Cultivation of fungi, 253. 

„ Sclerotia, 261, 

„ truffles, 258. 

Currant twig fungus, 193. 
Cystidia,21. 

Dacrymyces, germination of, 140. 
De Bary, on conditions of study, 183, 
Decay rapid, 9. 
Dehiscence of asci, 58. 
Dimorphism in moulds, 187. 
„ of Mucor, 53. 

Disappearance of species, 268. 
Discomycetes, 56. 
Dissemination of spores, 119. 
Distribution, geographical, 266. 
Diied fungi, esculent, 87, 94. 
Drying of fungi, 289. 
Dry rot, 223. 

Dualism in MdanconiSy 197. 
Pudisoma, 203. 
PolyacteSf 45. 
UrcdineSj 185. 



>» 



If 



If 



Edible fungi in America, 88. 
Ergotized grass, 217. 
£rysiphet conjugation, 176. 
FrysipJieif polymorphism, 191. 
Esculent fungi, 82. 
European floras, 279. 
Examination of fungi, 239. 
Exotic floras, 280-5. 

False truffles, 98. 
Fairy-ring champignon, 94. 



Families and orders, table of, 80. 

Fenestrate sporidia, 135. 

Fetid fungi, 116. 

Fidulina hepaticay 96. 

Floras of Europe, &c., 279. 

Fly Agaric, 210. 

Food, fungi as, 81. 

Forestry and its foes, 229. 

Fungi collecting abroad, 292. 

„ in disease, 215. 
„ mines. 111. 

„ of America, 281. 

„ Asia, 284. 

„ parasitic on animals, 246. 

,y ,, each other, 244. 

,, true plants, 5. 

Gbrden pests, 230. 
GdsteromyceteSf classification of, 66, 
Geographical distribution, 206. 
Germinating pseudospores, 144. 
Germination of fungi, 137. 

Mucor, 167, 164. 

Podisoma, 147. 
Gonosphere, in Pd'onospora, 171. 
Growth of Agarics, 138. 

Habitats of fungi, 233. 
Helicoid spores, 129. 
Herbarium for fungi, 291. 
Hints for travellers, 292. 
Hollyhock disease, 230. 
House fly fungus, 219. 
Ilydnum gelatinosum, 24. 
Hymenium of fungi, 18. 
Eymenomycetes, classification of, 65. 
HyphomyceteSf classification of, 73. 

habitats of, 240. 

structure of, 42. 
ffypojcei, structure of, 29. 
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Influences of fungi, 209. 
Influence on lower animals, 217. 
. man, 209. 
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Influence on vegetation, 222. 

„ of woods, 271. 
Injorions moulds, 230, 240. 
Insect, parasites on, 7, 218. . 

„ fungi, 7, 218, 246. 
Isaria and Torrubiaf 205. 

Ketchup, or catchup, 89. 

Lactescent fungi, 115. 
Lichen-gonidia question, 10. 
Lichens and fungi, 9. 
Little man's hread, 102. 
Luminous Agarics, 105. 
„ wood, 113* 

Meadow mushroom, 83. 
Medicinal fuogi, 102. 
Melanconieif structure of, 35. 
Microscopical mounting, 290. 
Mildew in com, 199. 
Milky fungi, 92. 
,, juice, 115. 
Morels, 99, 159. 

„ germination of, 159. 
Mould cultivation, 263. 
Moulds, and dimorphism, 187. 
„ structure of, 43. 
„ to preserve, 290. 
MucedineSf habitats of, 240. 
,« structure of, 44. 

Mucor, dualism of, 205. 
„ growth of, 157. 
„ structure of, 50. 
Mushroom, analysis of, 19. 

caves of Paris, 255. 
cultivation, 254. 
spawn, 256. 
„ the edible, 83. 
MyxogaitreB, habitats of, 237. 
structure of, 31. 
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Nature of fungi, 1. 

New forms, appearance of, 248. 



Nidulariacei, structure o^ 34. 

Oak truffles, 260. 
Odours of fungi, 116. 
Oidium and Erysiphe, 191. 
Oocysts in Ei-ysiphe^ 176. 
Oogonia, 136, 169. 

,, of SaprolegnicB, 169. 
Orders and families, table of, 80. 
Oyster mushroom, 86. 

Paper moulds, 248. 
Paraphyses and asci, 49. 
Parasites on plants, 238. 
Perisporiaceif structure of, 62, 
Peronospora, growth of, 152. 
Pests of forest trees, 229. 
„ the garden, 230. 
Peziza, conidia of, 46. 

„ FucTcelia'iia, 48. 
Pezizce, their habitats, 242. 
PhaUoiddf structure of, 28. 
Phenomena of fuugi, 105. 
Phosphorescence, 105. 
PhytomyceteSf classification of, 74. 
,, habitats of, 2il, 

„ structure of, 50. 

Podaxineif structure of, 29. 
PodUoma, and its allies, 40, 72. 
,, and Roestelia, 203. 
„ germination of, 147. 
Poisonous fungi, 209. 
Polymorphism, 182. 
Polymorphy in Erysiphe, 191, 
Polyporei, structure of^ 23. 
PolyporuSy edible species, 96. 
Potato disease, 225. 

„ mould, germination, 155. 
Preservation of f angi, 288. 
Pseudospores, 126. 
Puccinia and uEcidium, 199. 
Pttcciniaf germination of, 145. 
Pttccinicei, structure of, 38. 
Puff-balls, edible, 98. 
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Paff-balls, stractnTe of, 29. 

,f spores, 123. 
Pycnidia, 62, 180. 

and spermatia, 62. 
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Rattdia and PodUomaf 203. 
Bed rnst and cattle food, 217. 
Beprodnction, sexual, 163. 
Jthizomorpho!, 111. 
JHussula, edible species of, 03. 

St. George's mushroom, 85* 
Saprolegnei, coujugation of, 168. 
Sclerotia, 47, 261. 

„ cultivation, 261. 
Scolecite in Pezlza, &c., 173. 
Septate stylospores, 124. 
Sexual reproduction, 163. 
Silkworm disease, 220. 
Skin diseases and fungi, 212. 
Slides for the microscope, 290. 
Spawn of fungi, 256. 
Special cultivation, 264. 
Species determinate, 5. 
Spermatia, 128, 179. 

19 of R'jBsteliaf 42. 
„ in Tremdla^ 26. 
Spermogoijia, 178. 
Sphceriay sporidia of, 133. 
Spkceriacdj structure of, 61. 
Sphcencs, polymoi-phy, 192. 
Sphccronemeif structure of, 35. 
Spiral threads, 32. 
Spontaneous generation, 3. 
Sporangia, 61, 129. 

,, of Mucoi'f 51. 
Spores in chaplets, 143. 

of Agaricinif 121. 
GasteromyceteSf 122. 
truffles, 130. 
stellate and crested, 36. 
their dissemination, 119. 
Sporidia, germination of, 160. 
,y of Ascomycetes, 130. 
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Star-sporcd fungus, 125. 
Structure of fungi, 17. 
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books written upon, 63. 
of JScidiaceif 41. 

AseomyceteSy 55. 

CcBomacei, 36. 

ffypJiomyceteSf 42. 

Bypogcei, 29. 

MetoMConiei, 35. 

MucedmeSf 44. 

MucoTf 50. 

Myvogdstrety 31. 

Nidulariacei, 34. 

Perisporietceif 62. 

PhaUoidei^ 28. 

Physomycetes, 50. 

Podaxinei, 29. 

Polyporei, 23. 

PucdnicBt, 38. 

Sphcui'iaceif 61. 

Spharonemei, 35. 

ToriUacei, 36. 

Tremellini, 25. 

Trichogastres, 29. 

truffles, 55. 

Ustilaginei, 40. 
Study of development, 183. 
Stylospores, 123. 
Subterranean puff-balls, 29. 
Summer and winter spores, 37. 
Supposed animal nature, 2. 

Table of classification, 80. 
Thecaspores, 13 
Torruhia and Isaria, 205. 
Torulacei, structure of, 86. 
Travellers, hints for, 292. 
TremellcL, germination of, 139. 
Tremelliniy structure of, 24. 
TricJtogaaires, habitats of, 237. 
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TricboBpores, 128. 
Tropical fungi, 272. 
TrufSe cnltiTation, 258. 
Truffles, 55, 101, 258. 

„ Btrnctore of, 55. 
Tuberfieeif stmcture of, 55. 
Tuhercularia and Neetria^ 194. 

UredineSf germination of, 143. 

,, polymorpliy of, 186. 

,, stmctnre o^ 87. 
Uses of fungi, 82. 
Uitilaginei, structure o^ 40. 

ff germination of, 149. 



** Vegetable wasp," 218. 

Vegetative and reproductiye system, 7. 

Viennese fungi, 84. 

Vine and hop disease, 227. 



White rust germination, 151. 
Winter and summer spores, 37. 



Zones of distribution, 270. 
Zoospores of Cystopus, 38. 

„ white rust, 151. 

Zygospores of Mucor, 158, 164. 
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I. 

Tyndalls Forms of Water. 

I vol., l2ino. Cloth. Illustrated. Price, $1.50. 

" In the volaoie now published. Professor TyndaO has presented a noble illnstxatioB 
of the acuteness and tubdety of his inteUectual powers, the scope and insight of his 
scicotific vision, his singular command of the appropriate language ci ezi>osition, and 
the peculiar vivacity and grace with which he unfolds the results of intricate scientific 
reseawh/'— M K Trilmfu. 

" The ' Vonn» of Water/ by Professor Tyndall, is an interesting and instructiYe 
fktle volume, admirably printed and illustrated. Prepare<f expressly for this series, it 
is in some measure a guarantee of the excellence of the volumes that will follow, and an 
indication that die publishers will spare no pains to include in the series die freshest in- 
vestigations of the best scientific minds."— '^^//^ youmoL 

** I1iis series is admirably commenced by this Uttle volume from die pen of Prof. 
Tyndall. A perfect master of his subject, he presents in a style easy and attractive his 
methods of invesUgation, and the results obtained, and gives to the reader a clear con- 
ception of all the wondrous transformations to which water is subjected." — Churchman, 



II. 

Bagehot's Physics and Politics. 

I vol., i2mo. Price, $1.50. 

" If the ' International Scientific Series ^ proceeds as it has begun, it will more than 
Iblfil the promise given to the reading public in its prospectus. The first volume, by 
Itofetsor Tyndall, was a model of lucid and attractive scientific exposition ; and now 
we have a second, by Mr. Walter Bagehot, which is not only very lucid and charming^ 
but also original and suggestive in the highest degree. Nowhere since the publicatioii 
of Sir Henry Maine's 'Ancient Law,' have we seen so many fruitful thoughts sug- 
gested in the course of a couple of hundred pages. ... To do justice to Mr. Bage- 
hot's fertile book, would require a long article. With the best of intentions, we are 
conscious of having given but a sorry account of it in these brief paragraphs. But we 
hope we have said enough to commend it to the attention of the thoughtful reader."-^ 
Prof. John Fiskb, in the Atlantic Monthly. 

"Mr. Bagehot's style is clear and vigorous. We refrain from giving a fuller ac- 
count of these suggestive essays, only because we are sure that our readers will find it 
worth their while to peruse the book for themselves ; and we sincerely hope that the 
forthcoming parts of the * International Scientific Series ' will be as interesting."— 
A thinttftm. 

** Mr. Bagehot discusses an immense variety of topics connected with the progress 
of societies and nations, and the development of their distinctive peculiarities: and his 
book shows an abundance of ingenious and original thought '^ — ^Alfred Russbli 
WAU.ACK, in Nature. 
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V. 

The Study of Sociology. 

By HERBERT SPENCER. 
I vol., i2mo. Cloth Price, $1.50. 

"The philosopher whose distinguished name gives weight and influence to this vol- 
uuie, has given in itspages some of the finest specimens of reasoning in all its forms 
and departments. There is a fascination in his array of facts, incidents, and opinions, 
which draws on the reader to ascertain his conclusions. The coolness and calmness of 
his treatment of acknowledged difficulties and grave objections to his theories win for 
him a close attention and^ sustained effort, on the part of the reader, to comprehend, fol- 
low, grasp, and appropriate his principles. This book, independently of its bearing 
upon sociology, is valuable as lucidly showing what those essential characteristics are 
which entitle any arrangement and connection of facts and deductions to be called a 
science. ** — Episcopalian, 

" This work compels admiration^ by the evidence which it gives of immense re- 
search, study, and observation, and is, withal, written in a popular and veiy pleasing 
style. It is a &scinating work, as weU as one of deep practical thought." — Jsost. Post, 

*' Herbert Spencer is unquestionably^ the foremost living thinker in the psychological 
and sociological fields, and diis volume is an important contribution to the science of 
which it treats. ... It will prove more popular than any of its author's other creations, 
for it is more pUunly addressed to the people and has a more practical and less specu- 
lative cast It will require thought, but it is well worth thinking about." — Albany 
Evening JoumxU. 

VI. 

The New Chemistry. 

By JOSIAH P. COOKE, Jr., 
Erving Professor of Chembtry and Mineralogy in Harvard University. 

I vol., l2mo. Cloth Price, $2.00. 

*^ The book of Prof. Cooke is a model of the modem popular science work. It has 
just the due proportion of fact, philosophy, and true romance, to make it a fascinating 
companion, either for die voyage or the study." — Daily Graphic, 

** This admirable monograph, by the distinguished Erving Professor of Chemistry 
in Harvard University, b we first American contribution to 'The International Scien- 
tific Series,' and a more attractive piece of work in the way of popular exposition upon 
a difficult subject has not appeared in a long time. It not only well sustams the cnar^ 
acter of the volumes with which it is associated, but its reproduction in European coun* 
tries will be an honor to American science." — New York Tribune, 

*^ All the chemists in the country will enjoy its perusal, and many will seize upon it 
as a thin^ longed for. For, to those advanced students who have kept well abreast 0/ 
the chemical tide, it offers a calm philosophy. To those others, youngest of the class, 
who have emerged from the schools since new methods have prevailed, it presents a 
generalization, drawing to its use all the data, the relations of which the newly-fledged 
ract-seeker may but dimly perceive without its aid. . . . To the old chemists, Prof. 
Cooke's treatise is like a message from beyond the mountain. They have heard dt 
changes in the science; the clash of die batde of old and new theories has stirred them 
firom a&r. The ddings, too, had come that the old had given way ; and litde more than 
diis they knew. . . . Prof Cooke's * New Chemistry * must do wide service in bringing 
to close sight the litde known and the longed for. ... As a philosophy it is element 
tary, but, a& a book of science, ordinary readers will find it sufficiently advanced."-*' 
Uiica Morning Herald, 
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The Conservation of Energy. 

By BALFOUR STEWART, LL. D., F. R. S. 
H AfpindU IrmliHg of Hit Viltd and Maul Application! fj the DkMiu. 
I vol., i2mo. Cloth. Price, $1.50. 
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IX. 

Responsibility in Mental Disease. 

By HENRY MAUDSLEY, M. D., 

FeUo-y of the Royal College of Pb3r5icbiis ; Professor of Medical Jarisimidence 

in UntTcxKty College, Loodon. 

I voLy i2ino. Cloth. . . Price, $1.50. 

" Hartng lectured in a medical college on Mental Disease, dus book has been a 
feast to OS. It handles a great subject in a masterly manner, and, in oar judgment, the 
positions taken I7 the aumor are correct and well sustained." — Potior aid Pecfle. 

** The anihor is at home in his subye^and presents his views in an almost singo- 
larfr clear and satisfiictory manner. . . . Tlie volume is a valuable contribution to one 
of tne most difficult, and at the same time one of die most important sntjects of inves- 
tigation at the present day." — N. Y. Obseroer. 

" It is a work profound and searching, and abotmds in wisdom." — Pittsburg Com^ 
Murcial. 

** Handles die important topic with masterly power, and its suggestions are prac- 
tical and of great value." — Providence Press. 



The Science of Law. 

By SHELDON AMOS, M. A., 

Professor of Jurisprudence in University CoD^e, London; author of "A S^tematic 

View of the Science of Jurisprudence," *' An English Code, its Difficulties 

and the Modes of overcoming them," etc, etc. 

I vol., i2mo. Cloth Price, $1.75. 

''The valuable series of ' International SoentificI works, prepared by eminent spe- 
cialists, widi the intention of popularizing information in their several Inanches of 
knowledge, has received a good accession in this compact and thoughtful volume. It 
is a diffioilt task to give the outlines of a complete theory of law in a portable volume, 
which he who runs may read, and probably Professor Amos himself would be the last 
to claim that he has perfecdy succeeded in doing this. But he has certainly done much 
to clear the science (H law from the technical obscurities which darken it to minds which 
have had no legal training, and to make clear to his ' lay ' readers in how true and high a 
sense it can assert its right to be considered a science, and not a mere practice." — The 
Christian Register, 

"The works of Bentham and Austin are abstruse and philosophical, and Maine's 
require hard study and a certain amount of special training. The writers also pursue 
ditterent lines of investigation, and can only be regarded as comprehensive in the de- 
partments they confined themselves to. It was left to Amos to gather up the result 
and present the science in its fullness. The unquestionable merits of this, his last book, 
are, that it contains a complete treatment of a subject which has hitherto been handled 
by specialists, and it opens up that subject to every inquiring mind. . . . To do justice 
to * The Science of Law ' would require a longer review than we have space for. Wc 
have read no more interesting and mstructive book for some time. Its themes concern 
every one who renders obedience to laws, and who would have those laws the best 
possible. The tide of legal reform which set in fifty years ago has to sweep yethighei 
if the flaws in our jurisprudence are to be removed. The process of change cannot be 
better ^ided than by a well-informed public mind, and Prof. Amos has done great 
service m materially helping to promote this end.*'— '^»^^ Courier. 

D. APPLETON & CO., Publishers, 549 & 551 Broadway, N. Y- 



■s of the Priss on the " InUmatiofial Scientific Series." 



Animal Mechanism, 

realise on Terrestrial and Aerial Locomotion. 

By E. J. MAREY, 
he College of Fisnce, ami Member oS the Acsdemy of Med 
UustratiailSf drawn and epgraved under the ditection of Lhc auihc 



. Cloth. 






I 



" Tbe Buihoc of ihc pmcuL worn, n u - 
hyrologl^a who Imve mtcBtigaled ihc mt 

nee oT hk invesiigationi. he has nur^uset 



:>fthe I 



Ll ihft head of tho^e 



1 of sninal dyna 

I of his ajialysjs, and the 

l."—Po^UrSiicHceMi 



¥iDgIhe 



History of the Conflict between 
Rehgion and Science. 

By JOHN WILLIAM DRAPER, M. D., LL.D., 

Author of " The Intelleclud DevelopuienI of Europe." 



"This little 'Iliitarf ' would have been a valua 
dme, and is, in facL an admitable lext-'book upon 
ioff the Htieiidon of a large Durnher 4^ the DitHt 

the requirement! of the times, and so adeguaidy 1 
and Justice, there is not a ivord in his book that 



enaus-ninded people, and it 
author that he has <o »eU ra 
:t them by the \ 



the history of modem 



present moftograph vi]] be bun 



.■™ffS 



y, BS devel- 
theauUect 



L 



D. APPLETON &. CO., Pubushers, 549 & 551 Broadway, N. V. 



i 



opinions of the Press on the " International Scientific Series^ 

XIII. 

THE DOCTRINE OF 

Descent, and Darwinism. 

By OSCAR SCHMIDT, 
Professor in the University of Strasburg. 

With 26 Woodcuts. 
I vol., i2mo. Cloth. . . . Price, $1.50. 

" The entire subject is discussed with a freshness, as well as an elaboration of de- 
tail, that renders his work interesting in a more than usual degree. The facts upon 
which the Darwinian theory is based are presented in an effective manner, conclusions 
are ably defended, and the question is treated in more compact and available style 
than in any other work on the same topic that has yet appeared. It is a valuable ad- 
dition to the * International Scientific Series/ " — Boston Post. 

" The present volume is the thirteenth of die ' International Scientific Series,^ and 
is one of the most interesting of all of them. The subject-matter is handled with a 
^at deal of skill and earnestness, and the courage of the author in avowing his opin- 
ions is much to his credit. . . . This volume certainly merits a careful perusal." — 
Hartford Evening Post. 

" The volume which Prof. Schmidt has devoted to this theme is a valuable contri- 
bution to the Darwinian literature. Philosophical in method, and eminently candid, 
it shows not only the ground which Darwin had in his researches made, and conclu- 
sions reached before him to plant his theory upon, but shows, also, what that theory 
really Is, a point upon which many good people who talk very earnestly about the 
matter are very Imperfectly Informed.' — Detroit Free Press. 



XIV. 

The Chemistry of Light and 

Photography ; 

In its Application to Art, Science, and Industry. 

By Dr. HERMANN VOGEL, 
Professor In the Royal Industrial Academy of Beilin. 

With xoo Illustrations. 
I2mo Price, $2.00. 

*'Out of Photography has sprung a new science — the Chemistry of Light — and, in 
giving a popular view to the one, Dr. Vo^el has presented an analysis of the principles 
and processes of the other. His treatise Is as entertaining as it is Instructive, pleas- 
antly combining a historv of the progress and practice of photography — from the first 
rough experiments of Wedgwood and Davy with sensitized paper, In 1802, down to 
the latest improvements of the art — with technical illustrations of the scientific theories 
on which the art is based. It is the first attempt In any manual of photography to set 
forth adequately the just claims of the Invention, both from an artistic and a scientific 
point of view, and it must be conceded that the effort has been ably conducted."—' 
Chicago Tribune, 
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Fungi ; 

THEIR NATURE, INFLUENCE, AND USES. 

By M. C. COOKE, M. A., LL. D. 

Edited by Rev. M. J. BERKELEY, M. A., F. L. S. 

With 109 Illustrations. Price, $1,50. 
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The Life and Growth of Languag^e: 

AN OUTLINE OF LINGUISTIC SCIENCE. 

By WILf^IAM mVIGIlT H'Jf/TNEY, 

Professor of Sanskrit and C ommrative Phileloe; in Vale College. 

I vpl., lamo. Cioth. Price, $1.50. 

■' Piof. Whitney is to be commended 6a ginng to Ihe puhlic die results of Ids ripe 

"The tnpics discmfed in thia volume ore, Sot the most pan, those which have 
been already trealed by other writet* on pbiloloay, and even hy the author hlmHlir, in 
' ' '^ 'Idnguage, and the Study of l^Eunge/ publinhed a few yean aen. 
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opinions of the Press on the ^^ International Scientific Series, ''^ 

XVII. 

Money and the Mechanism of Ex- 
change. 

By W. STANLEY JEVONS, M, A,, F, R, S., 

Professor of Logic and Political Economy in the Owens College, Manchester. 

I vol., i2mo. Cloth. Price, $1.75. 

'* He oflfers us what a clear-sighted, cool-headed, scientific student has to say on the 
nature, properties, and natural laws of money, without regsu-d to local interests or na- 
tional hias. His work is populariy written, and every pa^e is replete with s6lid instruc- 
tion of a kind that is just now lamentably needed by multitudes of our people who are 
victimized by the grossest ^llacies." — Popular Science Monthly. 

** If Professor Jevons's book is read as extensively as it deserves to be, we shall 
have sounder views on the use and abuse of money, and more correct ideas on what a 
circulating medium really means." — Boston Saturday Evening Gazette. 

" I^fessor Jevons writes in a sprightly but^ colorless style, without trace of either 
prejudice or mannerism, and shows no commitment to any theory. The time is not 
very far distant, we hop?, when legislators will cease attempting to legislate upon 
money before they know what money is, and, as a possible help toward such a change. 
Professor Jevons deserves the credit of having made a useful contribution to a depart- 
ment of study long too much neglected, but of late years, we are gratified to say, be- 
coming less so.*'— 714^ Financier t New York, 



XVIII. 

The Nature of Light, 

>/VITH A GENERAL ACCOUNT OF PHYSICAL OPTICS. 

By Dr. EUGENE LOMMEL 

(University of Erlangen). 

I vol., i2mo. Cloth. . . . Price, $2.00. 

" In the present treatise. Professor Lommel has given an admirable outline of the 
nature uf light and the laws of optics. 

" Unlike most other writers on this subject, the author has, we think, wisely post- 
poned all reference to theories of the nature of light, until the laws of reflection, re* 
fraction, and absorption, have been clearly set before the reader. Then, in the fifteenth 
chapter. Professor Lommel discusses Fresnel's famous interference experiment, and 
leads the reader to see that the undulatory theory is the only conclusion that can be 
satisfactorily arrived at. A clear exposition is now givoi of Huy^hen's theory, after 
which follow several chapters on the diflraction and polarization of light-bearing waves. 

" The reader is thus led onw^uxl much in the same way as the science itself has un- 
folded, and this, we think, is the surest and best way of teaching natural knowledge. 

** We have said enough to show that Professor Lommel's treatise is a useful contri- 
bution to the 'International Series'— a book that can thoroughly be understood and 
enjoyed by any intelligent reader who may not have had any special scientific train- 
ing." — Nature. 

" In a style singularly lucid, considering the abstruse nature of the subject treated. 
Dr. Lommel unfolds the learning of the scientists on the nature and phenomena of 
light." — Philadelphia Inquirer. • . . . 

** As a popular introduction to physical optics, it would be diflScult to find a more 
satisfactory work than the one by Dr. Lommel, which has just appeared in the excel- 
lent * International Scientific Series.' " — Th£ English Mechanic. 

D. APPLETON & CO., Publishers, 549 & 551 Broadway, N. Y. 
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